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Technical Report: NAVTRADEVCEN 68-C-0050-2

ADVANCED SUBMARINE SYSTEMS PROGRAMING

ABSTRACT

This programing :eport is the result of a study leading to the deter-
mination of the optimum sets of equations of motion to be used with two
general types of submarine control trainers. The starting point was the
Naval Ship Research and Development Center standard equations of motion
for submarine simulators.

Two complete submarine simulation programs using these equations are
given; one for six-degrees-of-freedom and one for the longitudinal
three-degrees-of-freedom. A number of programs are included to assist
the researcher in interpreting the results of the main simulation pro-
gram. A compact submarine simulation program for ase with a small
computer is given and a method of generating random ocean wave ampli-
tudes is outlined along with its program.

This report describes the programs, including listing in FORTRAN, flow
charts, input decks, and typical output sheets, but does not tell how
they are to be used. It should be used in conjunction with Advanced
Submarine Systems Equation Study, NAVTRADEVCEN 68-C-0050-1 which
describes the work performed under this study.

Reproduction of this publication
in whole or in part is permitted
for any purpose of the United
States ro-oerwnent.



NAVTRADEVCEN 68-C-0050-2

FOREWORD

This report presents computer programs which allow various investigations
of submarine sii-lation. Descriptions, flow charts, and listings are presented
for each program. Important uses of the programs include coefficient reduction
of any class of submarine, checking accuracy of coefficients when operational
data is available, and research in dasualty situations.

NAVTRADEVCEN 68-C-0050-i gives an overall description of the equations stuyr.
NAVTRADEVCEN 68-C-0050-3 presents results of the computer programs using the
SS(N)594 su.bmarine as the demonstration model.

CHARLES A. FUMB)UGH
Project Engineer
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SECTION I

INTRODUCTION

This report is the result of a study leading to the determinatior
of tie optimum sets of equations of motion, to be used with two general
types of submarine control trainers.

Two complete subr.drire simulation programs are given; one for six-
degrees-of-freedom and one for three-degrees-of-freedom. A number of
programs are included to assist the researcher in interpreting the results
of the main simulation program. A compact program for use with a small
computer is also included.

This report describes the programs, including listing in FORTRAN,
but does not tell how they are to be used. It should be used in con-
junction with Advanced Submarine System Equation Study, NAVTRADEVCEN
68-C-O050-1 which describes the work performed under this study.
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SECTION II

PROGRAM DESCRIPTIONS

A, PROGRAM EB920, SUBMARINE SIMULATION

1. DESCRIPTTIN

This program calculates the dynamic changes of a body's position
and attitude as a function of time. The vehicle is a submarine in this
case but any vehicle can be simulated if the coefficients of the equations
of motion are known. The equations used for the mathematical model are
develooed ij "Standard Equations of Motion for Submarine Simulation",
Report 2510-by Morton Gertler and Grant R. Hagen of the Naval Ship Research
and Development Center in Washington, D.C. Tney are designated as the
NSRDC Standard Equations and the terminology in this program follows this
report.

The NSRDC Standard Equations cover all phases of submarine motion
simulation in six-degrees-of-freedom including emergency recoveries after
casualties. NSRDC Report 2510 contains a brief history, defines the
mathematical model, discusses the coefficients required, and sets a
standard to be used in the simulation of submarines. Equations (1)
through (6) present the equations of motion in the following order:
axial force, lateral force, normal force, rolling moment, pitching moment,
and yawing moment. In addition certain Kinematic relations are given
in equation (7).

The program is written in basic FORTRAN IV for use on any digital
comouter with a FORTRAN compiler. It occupied 20K words when run on
an IBM 360/LO computer. Program results are printed as a function of
time and individual parameters can be plotted if associated CALCOýP
plotter software is available.

Figure 1 is a block diagram showing the general outline of the
nrogra., and the subroutines used. A number of different options are
available to the prorram user. They are listed below.

a, Programoed control surface and thrust values.

1. climbing turns - fixed elevator and rudder deflection;
for climb or turn (without autooilot):

2. Meander or overshoot

3. Modified climbing turns - surfaces leflected at controlled
rates to specified values.

L. Flat turn (with autooilot)

-linbing imrulse

S Superscript numbers indicate references
?
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6. Turning impulse (with autopilot)

7. Acceleration/deceleration (with autopilot)

8. Maximum acceleration/deceleration (with autopilot)

b. Integration Methods

1. Fourth Order Runge-Kutta

2. Second order Adams

3. Second order non-classical

4. Euler

c. Variable integration step size (H, or integration time increment).
This option allows study of the allowable or optimum integration step
size, H, as a function of output variable accuracy.

d. Initial Conditions

The program will accept values of initial conditions for control
surface positions, speed, attitude and depth. This allows the submarine
to be placed in a steady state dive, level flight, etc. at time zero or
start of the computer run. These inputs are:

UC - command speed
DR - rudder position
DS - sternplane position
DB - sailplane position
W - component of velocity in the z-direction
Q - angular acceleration component about the y-axis
THETA - angle of pitch
Z - depth

All other parameters of motion, v, p, r,y, $, x, and y, can
also be set as initial conditions. These parameters are usually zero
at time zero. The values for steady-state level flight can be calculated
with program EC470.

e. Output Options

Any time interval can be set between printing out the parameters
of motion. If a CALCOMP plotter is available, any parameter and the
control surfaces can be plotted as a function of time in any order.

2. SUBROUTINE DESCRIPTIONS

The subroutines utilized by this program are shown in block diagram

11
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form in figure .. A brief description of each subroutine is included
for clarification of operation of the total program.

a. INPUT - This subroutine reads a cata deck specifying program
options, controls and initial dynamic conditions, and the particular
coefficients and constants for the submarine to be simulated. It provides
for holding initial values of all variables for use on a subsequent run.
It provides for reading additional cards for successive runs, and finally
for exit from the program on a blank card.

b. KUTTA - This is an integration subroutine that uses the Runge-
Kutta, 4th order integration method to integrate the equations of motion
over the time period required in accordance with the equation:
Yn 1 (I) = Yn (I) . 1/6 (Ko(() + 2K (I) + 2K2 (1) + K3 (1) )

where Ko(I) - h • EVAL (Yn(I))
KI(I) = h • EVAL (Yn(I) + • Ko (I))

K2(I) =-h • EVAL (Yn(I) + K1 (I))

K3 (I) = h • EVAL (Yn(I) + K2 (I))

I = 1 to 12

h = integration time interval

Yn(I) - motion parameter u, v, etc. at the nth cycle

EVAL * equation of motion subroutine

This subroutine takes a twelve-element matrix from subroutine
EVAL corresponding to accelerations and velocities; integrates over the
interval, h; and returns twelve new velocities or positions. (Corresponding
to u, v, w, p, q, r, 0,W, 0, x, y, z). I runs from I to 12 to cover all
the t6ms to be integrated. The EVAL subroutine is entered four times in
order to calculate the four K's since each one is dependent on the li•=t
one. The integration method is started by zeroing the working storage
during the first pass through the subroutine.

The mathematical reasoning behind this particular algorithm is given
in F.B. Hildebrand, "Introduction to Numerical Analysis", McGraw-Hill
1956, page 237.

c. CONTR - This subroutine allows various submarine c, ntrol manuevers
to be selected that are used in submarine research studies. The subroutine
varies the control surfaces during the run to allow meander, submerged
turns, overshoot, a',celeration, etc. to be made. The block diagram of
figure 2 outlines the control subroutine. in all controls, the variable

12
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TLIM defines the total time period of the runs in seconds.

Constant controls (NS = $) - The submarine will maintain the settings
of command speed, (UC), elevator positions (DB and DS), or rudder position
(DR) that were entered in the program as initial conditions. Thus, runs
such as a steady turn without autopilot, climbing turn, acceleration
without autopilot, etc., can be made.

Meander or Overshoot (NS = 1) - This control allows the submarine
to maintain a period of level flight, followed by negative elevator
movement at a specified rate to a minimum (largest negative value) elevator
position as shown in figure 3. It will hold this angle until the submarine
pitch angle reaches a particular value, SWMAX, at which time the elevators
are reversed in position at a specified rate to a desired new position.
The value of this position is determined by the type of run desired; for
meanders, DELTMI = DSO and for overshoot, DELTMA - DS, equals DELTMI - Dio
in magnitude. The program allows variation of the various control parameters
of this maneuver. These are:

TIME - period of initial steady state performance, or constant input
terms.

R1 - negative rate of change of elevator position.
DELTME - maximum negative swing of elevator (must be more negative

than DS_, elevator position at zero time).
SWMAX - maximtm dive angle, execute pitch angle allowed prior to

turning elevators more positive. The time at which this
occurs is referred to as TI.

R2 - positive rate of change of elevator position.
DELTMI - maximum position to which elevators are moved in the

positive direction.

These input control parameters can be varied to achieve Meander, Overshoot,
or other desired combinations of a dive to a maximum submarine pitch an"le
and subsequent elevator change.

Flat turn (NS = 3) - This is a turn accomplished by rudder movement
in four steps to the maximum deflection, DRMAX. Each step is accomplished
at a decreasing rate of change of rudder position as a function of the
final maximum deflection, as shown in table 1. This schedule 7presents
the delay in rudder position in the actual submarine.

TABLE 1. RUDDER POSITION SCHEDULE

Period Rudder Position Maximmu Rudder
Rate of Chanve Position
Radian_/sec Fraction of final position.J RKAX

3 1w .08726 
.8

2 .01336 .93
.006 .97
.00oomo6L 1.0
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D ELTMP
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ToN•Ti. Tt a

-rm' (Sc *v)

Figure 3. Graph of Overshoot Control

The program allows selection of the final rudder position, DRMAX.
During this maneuver, the autopilot is actuated to maintain nearly level
flight.

The autopilot is utilized in the control subroutine for certain
maneuvers, such as flat turns, accelera'ion, etc. This control is auto-
matic when used through selection of the desired control routine. The
bow and stern planes are moved to attempt to ruintain constant depth at
any speed or turn conditIon. The elevators are positioned in accordance
with equation (8).

DS DB - .008 (ZC-Z) * 3.5 (Q) * .012 (USir,•-WCOSQ) * 2.0q (8)

Where:

DB sailplane angle, rdians
J: sternplane angle, radians
ZC a comand depth, feet
Z depth, feet
0 z pitch angle, radians
u forard body velocity, ft/sec
w normal body, veloc.ty, ft/sec
q a pitch rate, redianu/sec

15
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Position and rate damping in both depth and pitch are utilized. DS and
DB are limited to 35 degrees by the programing.

Climbing turn (NS = 2) - This is a complex maneuver utilizing the
available inputs of meander and flat turn above, with the autopilot
inoperative. All the input data of each of these two other controls is
required and the resultant submarine maneuver can obviously be rather
unique.

DS - impulse (NS 4 4) - This control allows an elevator impulse to
be applied to the submarine for the first integration cycle in order to
evaluate response frequency and damping factors. The initial conditions
(UC, w, '( , THETA, and 9) are enter'ed as required. These are usually for
level flight at some particular speed. The impulse value, elevator position
(DS), is also entered. The final value of elevator position, DSF, is
specified. This value is the elevator position for level flight at the
selected speed.

A useful addition of the program for elevator-impulse control is the
computer output of punched cards of the submarine pitch angle versus
time. These are punched in 2E15.7 format (THETA, TIME) from To to TLIM.
The cards are useful in other programs associated with submarine response,
described elsewhere in this report, Most associated programs are based on
cards punched 3t two-second intervals. To achieve this the input value of
integration interval, H, must be 0.25 seconds. This punch card data will
be received for any of the integration methods selected through the option,
INTSW. It is suggested that INrSW be set to '0' for impulse runs because
the accuracy of other integration methods does not match the accuracy of
the Runve Kutta mpbhnd when calculating the violent initial maneuvers
excited by an impulse run.

The value of DSF, after the impulse, is usually greater than zero,
This is the elevator position required to maintain level flight at the
steady-state speed of the submarine.

OR - impulse (N3 " 5) - This control is identical to X) - impulse
except that rudder position is used for this type run. In addition the
final rudder position (DRF) is usually zero rather than a small finite
value as for elevator impulse.

Acceleration/Deceleration Control (NS : 6) - This option takes the
submarine at rest, at any depth; accelerates at command speed increments
of five knots over eath time increment, TIME (an input value) to 25 knots;
and then decelerates in the same command speed increments. The autopilot
control is activated in this run to maintain the submarine in nearly level
flight.

Maximum Acceleration/Deceleration Control (NS = 7) - This control
accelerates a submarine at rest, at inpuut depth, a, by applying a command
speed of 25 knots. This command speed is held for TIME seconds (input
value) which may be varied to assure steady state conditions. The sub-
-arine is then slowed down by reduction of command speed (UC) to zero for

16
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the same length of time. The autopilot control is used for level flight.

d. EVAL - This subroutine calculates the right hand side of the
equations of motion. The values are updated after each pass through the
integration routine; Kutta. It follows the mathematical model given in
Tabla 1.

e. PLOTROU - This subroutine transfers tke run number, data names,
and calculated points for storage on magnetic tape and subsequent plot
of the variables on a California Computer plotter. This subroutine, in
addition, calls out the following subroutines that are peculiar to Cal
Camp software:

LINE PLOTS PLOT WHERE

AXIS NUMBER SYMBOL SCALE

These are all Cal Comp proprietary subroutines and thus cannot be
supplied with this contract. If this program is run on a computer with
the source decks supplied by GAC and Cal Comp plotting software is avail-
able minor program adjustments may be necessary to allow exact plotting
as at GAC.

If this software is not available, three options are open:

(1) At GAC, the 360/'40 computer will operate without the subroutines
above, provided no plots are called for by leaving variable IPLOT = $ on
the first input data card. The linkage editor map at GAC shows "Unresolved
entry message*. However, the program still runs without plot. The program
may run similarly on other computers.

(2) If this does not function on the computer used, dummy subroutines
for these variables can be added to the programs. The program can then
call them as at present and return. Leave IPLOT = 0.

(3) Finally, the reference to all plotting subroutines could be
removed from the program.

f. INVER2 - This is a common library routine to invert a matrix.

g. MATMPY - This subroutine takes the inverted matrix from INVER 2
and multiplies to calculate values of O, t, *, N, 4, and z.

h. INTEG - This routine includes the three additional optional
integration methods. These include:

(1) INTSW = 1, Second order Adars

17U
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(2) INTSW= 2, Second irder non-classical

-- ,,-. -- I/ .- lnY

(3) INTSW =3, Eiaer Y .. /

where Y is the variable to be integrated

n is the number of times the variable was integrated

h is the integration time period.

i. EVAL ). - This subroutine solves the right hand side of the equa-
tions of motion from data from each pass thru the integration routine,
INTEG. It follows the mathematical model given in table 1.

3. INPUT DATA DECK

This section describes the data deck, defines the FORTRAN variables
in terms of the equations of motion defined in the mathematical model, and
shows how to perform the various kinds of simulated submarine operations
allowed. The coefficients referred to here are those included in reference,
"Standard Equations of Motion for Submarine Simulation". The coefficients
are unique for each type submarine. These values are program inputs so that
the program can be used for the study of differant types of submarines. The
input deck should follow table 2 exactly. Figure 4 shows a typical input
data form for EB920.

TABLE 2. INPUT DATA DECK, PROGRAM EB920

Card Column(s) Format Description

Control Flags
1 1-5 15 NGS. The number of good

integration steps required
before step size is increased.
Blank if variable step size is
not used. (Note right adjust
all integer values)

6-10 15 NPNT. Data wil print out at T
and each .NP',ITtL' integration step

(Each 2 see if NPNT = 8 and H=

.25 seconds)

1 11-15 15 IPLOY. To exercise plot option,j
IPLOT 1. Leave blank (zero)
for no plots.

18



NAVTRADEVCEN 68-C-0050-2

TABLE 2. INPUT DATA DECK, FROMM tB920 (cont.)

Card Column(s) Format Description

16-20 15 IRUN. Identification number
for individual runs. If IRUN

0 a normal exit is made

1 21-25 15 NPLT. Data w~l plot at T
ard each NPLT-"' integration
stop.

26-30 15 IOPT. This option will allow
changing any one or more of
the input values for a
succeeding run without putting
in all the other values. IOPT
1 to exercize; blank for noSeiection. Another ran may

still follow, for ICPT no

but all input data cards must
be read again. More informa-

tion on this variable is
included at card 33.

31-35 15 ICYC. Number of integration
cycles per H, time increment.
ICYC = 4 for Kutta integra-tion (INTSW = 0), a 1 for all

other integration methods.

36-40 15 NS. This variable selects
the type of submarine control
in CCNTR subrou he:
NS = 0 Fixed controls per

initial conditions

NS = I Overshoot, meander, etc,
NS = 2 Special climbing turn
NS = 3 Flat turn (with auto-

pilot)
NS : h Elevator impulse

NS z 5 Rudder impulse (with
autopilot)NS ' 6 Acceleration/deceler-
ation (with autopilot)

NS 7 Maximum aeceleration/
deceleration (with

autopilot)

1 41-45 15 INTSW. This variable selects
its type of interration to be
used.
INTSW = 0 Runve-Kutta

19
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TABLE 2. INPUT DATA DECK, PROGRAM EB920 (cont.)

Card Column(3) Format Description

INTSW z 1 2nd order Adams
INTSW = 2 2nd order Non-

classical
INTSW - 3 Euler

Plot Control : Card must be here (olank),
even if no plots are required.

2 1-75 1515 ILOC (I), 1=2,16. Value of I
defines which variable will be
plotted against time. Sequence
defines order of plot on plot-
ting paper as:

Order of plotting

Plot Variable:

ILOC (2) - U, component of
velocity in the x-direction,
feet/second.
ILOC (3) - V, component of
velocity in the y-direction,
feet/second.
ILOC ( W) - W, component of
velocity z-direction, feet/

second.
ILOC (5) - P, angular velocity
component about the x-axis,
radians/secondILOC (6) - Q, annalar velocity

component about the y-axis,
radians/second
ILOC (7) - R, angular velocity
component about the z-axis
radians/second
ILOC (8) - THETA (Q), pitch
angle, radians
ILOC (9) - PSI (d), yaw
angle, radians
ILOC (10) - PHI (0), roll
angle, radians
ILOC (11)- X, coordinate

20
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TABLE 2. INPUT DATA DECK, PROGRAM EB920 (cont.)

Card Column(s) Format Description

point of sub position, feet
ILOC (12) - Y, coordinate
point of sub position, feet
ILOC (13) - Z, coordinate
point of sub popition, (depth),
feet
ILOC (1h) - DR, rudder positioni
radians
ILOC (15) - DS, stern elevator
position radians
ILOC (163 - DB, bow elevator
position, radians

Timing

3 1-10 F10.5 10, starting time, seconds
(usually zero)

11-20 FIO.5 HO, initial integration time
increment (step) size. If DH

is zero, this step size will be
used for the entire run.

3 21-30 Flo.5 DH, factor by which the step
size is modified. If DH is 2,
the step size is doubled or
halved as required.

3 31-40 FIO.5 HMAX, maximum step size allowed

3 41-50 F1O.5 HMIN, minimum step size allowed

3 51-60 FI0.5 FCT, a factor which causes the
error estimate corresponding to
the next larger step size to be
overestimated. This reduces
time-consuming premature in-
creases in step size. Typical
value is 1.2.

3 61-70 F10.5 TLIM, time of run, seconda

4 1-80 8F10.5 (I), U, W, P, Q, R, 4
Tolerance array for variable
integration step size. Allow-
able deviation of each of these
parameters at any point calcu-

lated. Card must be present
even if variable step size is
not used
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TABLE 2. INPUT DATA DECK, PROGRAM EB920 (cont.)

Card Column(s) Format Description

5K 1-4o 4F1o.5 M (I), 0, X, Y, Z. Allowable
deviation of these parameters.

Initial Conditions Array

6 1-10 F1O.5 Y(1), U, velocity in x-direction,
feet/second

6 11-20 F10.5 Y(2), V, velocity in y-direction'
feet/second

6 21-30 F1O.5 Y(3), W, velocity in z-direction;
feet/s econd

6 31-40 FlO.5 Y(4), P, velocity about x-axis,
radians/second

6 41-50 Flo.5 Y(5), Q, velocity about y-axis,
radians/second

51-60 FlO. 5 Y(6), R, velocity about z-axis,
radians/second

6 61-70 FIO.5 t Y(7), THETA, pitch angle,radiansý

6 71-80 F1O.5 I Y(8), PSI, yaw angle, radians

7 1-10 F1O.5 Y(9), PHI, roll anale, radians

7 111-20 Flo.5 Y(iO), X, coordinate point of
sub position, feet

7 21-30 FPO.5 Y(I1), Y, coordinate point of
sub position, feet

7 31-40 FIO.5 Y(12), Z, coordinate point of

sub position (depth), feet

Coefficient Cardsl

8 1-80 8FI0.5 XQQ, XP-.,, XRP, XUD, XVR, XWQ,
xUU, xVV

9 1-80 8FlO.5 XWW, XDRDR, XDSaI, XDBDB, XVVE,
rXdE, XDRDRE, DS)SE

10 1-80 8F10.5 TRO, YPD, YPAP. YP-ý, Y..)R, YVD,
YvQ, YWP

11 1-80 8P10.5 rdR, YR, YP, ';RD., YVR, Y-'7-,

22
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TABLE 2. INPUT DATA DECKý P0ROAM N13920 (cont.)

Card Column(s)_ Format Description

YV, YVAV

12 1-80 8105 YVW, YDR, YRE.,YVE, VAVEYDRE

13 1-80 8,Fio.5 jZQD, ZPP, ZRR, ZRP, ZWD, ZVR,
114 180 810.S ZVP, ZQ

14 18o B10.5 ZAQDS, ZWAQ, ZSMh, ZW, ZWAW, ZA!
Zww., Zvv

15 1-80 8FI0.5 ZDS, ZDB, ZQE,, ZWE, ZWAWE, ZDSE

16 1-80 8F10.5 AKPD, AKRD, AKQR$ AKPQ, AKPAP,

AK?, AKR,, AKVD
171-80 8FloS5 AKVC$ AKWdP, AKWR, AKSTR, AKV,

I AKVAV, AKVW, AKDR

18 1-80 8Flo.5 AKSTRE

19 1-80 8F10. AQD AMPP, AMRR, AMRP3 AMQAQ,
AMWD, AMVR, AMVP

201-80 8F10.5 AI4Q, AMAQDS, AMAWQ, AMSTR, AMW'J,
IAMWAW, AMAW, AMWW~

21 1-80 8F10.5 AMVV, AMDS, AMDB, AMQE, AMWE,
AMWA,'JE, AMDSE

22 1-80 8F10.5 'ANRD, ANPD, ANPQ, ANQR, ANRAR,
ANVD., ANWR, ArNWP

23 1-80 8Flo.5 ANVQj AN?, ANR, ANARDR, ANAVR,
ANSTR, ANV, ANVAV

214 1-80 8F10.5 ANVW, ANDR, ANRE, ANVE, ANVA VE,I
A NDRE

Su25in Consa 1t 10.5 Tx oetof i ertia about the

X-4xisy-axisf

25 21-30 F10. 5 IZ, moment about y-axis, slug-ft 2

4531-14o F10.5 IXproduct of mne tia about

_______xy-axis, (Slug-ft2 )
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TABLE 2. INPUT DATA DECK, PROGRAM'EB920 (cont.)

Card Column(s) Format Description

25 41-50 F10.5 IXZ, product of inertia aboutxz-axis, (slug-f t2)2

25 51-60 F1O.5 IYZ, product of ine~tia about
yz-axis, (slug-ft2)

26 1-10 F10.5 CW, weight of submarine, includ-
ing water in free-flooding space,
pounds

26 11-20 FlO.5 CB, buoyancy, pounds

26 21-30 F10.5 UC, initial command speed, feet/,
second

26 31-40 FIO.5 XB, x-component of center of
buoyancy, feet

26 41-50 F1O.5 YB, y-component of center of
buoyancy, feet

26 51-60 F10.5 ZB, z-component of center of
buoyancy, feet

27 1-10 k`10.5 DR, initial value of rudder
position, radians

27 11-20 F10.5 DS, initial value of stern
elevator position, radians

27 21-30 F10.5 DB, initial value of bow
elevator positi.n, radians

27 31-40 F-10.5 RHO, density of sea water,
slugs/feet

3

27 41-50 FSO.5 AL, submarine length, feet

27 51-60 F10.5 AM, submarine mass, includcing
water in free flooding snace,
slugs

28 1-10 FIO.5 I DIMAX, maximum rudder position
(movemnt), radians

28 11-20 F10.5 ETAHI(1 -h-vh), upper reference
value of ./.f'Aw, dimensionless

28 21-30 F10.5 STALO(AL-low), lower reference
value of uJ/U1.tA, dirmns.onless,
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TABLE 2. INPUT DATA DECK, PROGRAM EB920 (cont.)

Card Column(s) Format Description

28 31-4O F1O.5. All, value of ai for ETA ETAFI

28 41-50 FIO.5 A12, value of bi for ETA 'AIAI

28 51-60 FlO.5 A13, value of cj for ETA ETAHI

29 1-1.0 FIO.5 A21, value of a, for ETALO
ETA ZTAHI

29 11-20 F1O.5 A22, value of bi for ETALO
ETA ETAHI

29 21-30 F1O.5 A23, value of ci for ETALO
ETA ETAHI

29 31-40 Flo.5 A31, value of ai for ETA ETALO

29 41-50 Flo.5 A32, value of bi for ETA ETALO

29 51-60 Fio.5 A33, value of ci for ETA ETALO

30 1-10 FlO.5 XG, X-component of center of
gravity, feet

30 11-20 FIO.5 YG, y-component of center of

gravity, feet

30 21-30 FIO.5 ZG, z-component of center of
gravity, feet

Surface Control Schedule

31 1-10 FIO.5 TIME, various periods of time
depending on NS in control
routine, seconds

NS TIME

0,2,3, Not used
i4,5

1 Initial steady state
period (See fi9.4)

6 Period of constanfT
application of each
command speed

7 Period of constant
annlieatimn of each
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TABI 2. INPUT DATA DECK, PROMAM EB920 (cont.)

Card - Column(s) Format Description

command speed

31 11-20 F1O.5 aI, negative rate of change of
elevator position, radians/sec-
ond during meander runs (NS *
1), radians/second (See fig.4)

31 21-30 F10.5 i D&lTMA, maximum negative swing
oi elevator (must be moi'e nega-
tive than DS, initial condition)'

during meander runs (1S "),
radians (See fig. 4)

31 31-4o0 1 F1.5 SWMAX (0'), execute pitch angle,
maximum submarine dive angle
during ,eander-type run (NS u 1),
before turning elevators to a
more positive value, radians.

31 41-50 F1O.5 RI, positive rate of change of
elevator position after subma-
rine reaches Q1, radians/second
(See figure 4)

31 51-60 FI0.5 DELTMI, maximum position to
which elevators are moved during
tR2' change, radians (See fig.h)

31 61-70 F10.5 _ DSF, final value of elevator
position during X.3-impulse run
(NS a 2), radJans

31 71-80 F10.5 DRF, final value of rudder
position during DR-impulse run

NS -" 5), radians

Additional Run Controls If IOPT was "0" on card I of
the last data deck, card 32
can be either blank for a normal
exit or card I of a new data
deck for additiot.al rtns. If
IOPT = F on card 1 of the last
lata deck, see below.

32 1-5 15 1P22, ruti numoers.
1 .1 UN a 0 (,' card) a %ew
data deck is read. A Lilank
card at the start of a :ata
deck resul's i.n a normal e:dit
so two `l.ir.V a • .d te tend
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TABLE 2. INPUT DATA DECK, IPROGRAN EB920 (cont.)

Card Column(s) Format Description

will always end the run.
IRUN w Integer. Use as new

* i run number and continue reading
cards below.

33 1-5 15 NDEX, common location for para-
meter to be changed. Tables 3
and 4 show the variable names
versus the common locations,
NDEX.

33 11-20 FlO.5 VALUE, new value of parameter
changed in columns 1-5 of this
card.

33 + n 1-20 15, 5x
F1O.5 Repeat card 33 as desired.

33 + n 1 Blank Start new run after all changes
have been made.
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TABLE 3. EB920, COMMON LAYOUT INDEX

Location Term Location Term Location Term Location Term

1H 36 XWQ 71ZRR 106 AKDR
2 HMAX 37 Xu1J 72 ZR? 107 AKSTRE
3 HN[IN 38 XVV 73 ZWD 108 AMQD
14 DH 39 XWW 714 ZVR 109 AMPP
5FCT 140 XDRDR 75 ZV? 110 AMRR

6 TL(1) 141 XDSDS 76 ZQ ill AM-RP
7 fTL(2) 142 XDBDB 77 ZAQDS 112 AMQAQ
8 TL(3) 143 MVE 78 ZWAQ 113 AMWD
9 TL(14) 144 XWWE 79 ZSTR I 114 AMVR

10 TL(5)~ 45 XDRDRE 80 ZW 115 AMVP
11 TL(6) 146 X13SDSE 81 ZWAW 116 AMQ
12 TL(7) 147 YRD 82 ZAW 1117 AMAQDS
13 TL(8) 148 YPD 83 ZWW 118 AMAWQ
114 n,(9) 149 !?AP 81. ZVV 119 AMSTR
15 ~TL(10) 50 YPQ 85 ZDS 120 i AMW
16 TL(11) 51 YQR 86 ZDB I121 AMWAW
17 TL(12): 52 YVD 87 ZQE 122 AMAW
18 NS 53 YVQ 88 ZE 13AMfwW
19 N 514 nqP 89 ~ZWAWE 12.4 AM1VV
20 ISi 55 TWR 90 tZDSE 1125 AMDS
21 NPNT 56 YR 91 AKRD i127 APME
22 TLIM 57 YP 92 AKR 17 ME~

23 RHQL2 58 YARDR 93 AKQR 128 AW
24 RHQL3 59 YVAR 9114 AKPQ 19 AMWIAWE

25 RHQL14 60 YSTR 95 ;APP 130 AMDSE~

27 HL 62 YvA 96 AKP 131 ANRD
2WM 6 VV 97 AKR 132 ANPD;

28 ErA 63 1 YVW' 98 AKVD 133 A NPQt
29 jErAInd 614 YDR 99 AKVQ 1314 ANQR.
30 ISW2 65 YRE 100 AKWP I135 ANRARI
31 XQQ 66 YVE' 101 AKWR 1136 ANVDj
32 XRR 67 YVAVE 102 AKSTR 137 AN'dR
33 XRP 68 YDRE 103 AKV 138 ANdP1
314 mU 69 ZQD 1014 AKVAV 139 ANVQ
35 XVR 70 ZPP 105 AKVW 1140 AN?

30



NAVTRADEVCEN 68-C-0050-2

TABLE 3. EB920, COMMON LAYOUT INDEX (cont.)

Location Term Location Termi Location Term Location Term

141 ANR 176 A13 211 Q
142 ANARDR 177 A21 212 R
143 ANAVR 178 A22 213 Q
144 ANSTR 179 A23 214
145 ANV 180 A31 215
146 ANVAV 181 A32 216 X
147 ANVW 182 A33 217 Y
148 ANDR 183 XG 218 Z
149 ANRE 184 YG 219 TIME
150 ANVE 185 ZO 220 R.
151 ANVAVE 186 ILQC(i) 221 DELTMA
152 ANDRE 1.87 ILQC(2) 222 SWMAX
153 IX 188 ILQC(3) 223 R2
154 IY 189 LQc(4) 224 DELTMI
155 IZ 190 ILQC(5) 225 DSF
156 IXY 191 ILQC(6) 226 DRF
157 IXZ 192 IL@C(7) 227 ICYC
158 IYZ 193 ILQC(8) 228 NS
159 ow 194 noc(9) 229 INTSW
160 OB 195 ILGC(10)
161 UC 196 ILQC(ll)
162 XB 197 IL@C(12)
163 YB 198 ILGC(13)
164 ZB 199 ILQC(14)
165 DR 200 ILQC(15)
166 DS 1. 201 ILC(16)
167 DB 202
168 RHQ 203
169 AL 204
170 AM 205
171 DRMAX 206
172 ETAHI 207
173 ETAL9 208
174 All 2
175 A12 210
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TABLE 4. EB920, COMMON LAYOUT, ALPHABETICAL

Location Term Location Term Location Term Location Term

174 All 195 oOC(lo) 170 M 131 NRD
175 A12 196 ILOC(11) 117 MAkDS 149 4RE
176 A13 197 ILOC(12) 122 MAW 228 NS
177 A21 198 ILOC(13) 118 MAWQ 144 NSTR
178 A22 199 ILOC(14 ) 126 MDB 1L5 NV
179 A23 200 ILOC(15) 125 4DS 146 NVAN
180 A31 201 ILOC(16) 130 MDSE 151 NVAVE
181 A32 229 INTSW 109 MP 136 . VVW
182 A33 204 IOPEN 116 MQ 150 NVE
160 C3 206 iOpr 112 MQAQ 139 NV)
159 GW 202 IPLOT 108 MýD 147 NVVi
167 DB 203 IRUN 127 MQE 138 N,[WP
221 DELTMA 20 ISI 1il MRP 137
224 DELTMI 30 IS'I2 110 ýR 210 P

4 DH 153 IX 119 MSTR 215 PHI
165 DR 156 IXY 115 V1 NP 214 PSI
226 DRF 157 IXZ 114 IfvR 211 Q
171 DRMAX 154 IY 124 ' MV 212 R
166 DS 158 IYZ 120 Md 3.68 RHo
225 JSF 155 IZ 121 xdAW 23 RHOL2

28 ETA 106 KDR 129 KGAWE 24 RHOL3
172 ETAHI 96 KP 113 TWD ,25 ,H OL4
173 ETAL9 95 KPAP 128 MWE 26 ZHOI,5
29 ETA.a 91 KPD 123 HWA 220 PR]

5 FCT 94 KPw 19 N 223 R
1 H 93 KQR 143 NAVR 2?? ,'AX
2 H7,AX 97 KR 142 IARDR 213 THETA
3 HMIN 92! KRD 148 NDR 219 TI ME

S227 ICYC 102 KSTR 152 NDRE 6 TL(])
186 ThC'C(l1) 107 M KTRE 1 8 :,3 G 7 T (2)
187 ILCC(2) 103 KV 1LO NP 8 7(3)
188 ILOC(3) 104 1 KVAV 132 NPD 9 TI(h)
189 ILOCh(4) 98 KMVD 205 :lPLT 10 TL(5)
190 ILIC(5) 99 1 KV 1 21 N.NT 1i TL(6)
191 ILC (6) 105 KV.4 133 P I , 7L

192 ILOM7) 100 KWP 3" N"'R 13 TL(R)
193 ILOC (8) 1.01 KWR 141 NR I), TI (9)
194h 1 2(.9) ' 169 L 135 NRAR 1. 1L(IO)
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TABLE 4. EB92q COMMON LAYOUT, ALPHABETICAL (cont.)

Location Term Location Term Location Term Location Term

16 TL(n1) '6 YR 83 ZWW
17 TL(12) 47 YRD
22 TLIM 65 YRE

207 U 60 YSTAR
161 UC 61 YV
208 v 59 YVAR
209 W 62 YVAV
27 WMB 67 WAVE

216 X 52 YVI)
162 XB 66 YVE

42 XDBDB 53 YVQ
40 XDRDR 63 YVW
145 XDRDRE 54 YWP
41 XDSDS 55 YWR
46 XDSDSE 218 Z

183 XG 77 ZAQDS
31 XQQ 82 ZAW
33 XRP 164 ZBj
32 XRR 86 ZDB
34 XUD 85 ZDS
37 XUU 90 ZDSE
35 XVR 1 185 ZG
38 xvV 70 ZPPj
43 XVVE 76 ZQ
36 XWQ 69 ZQD
39 W W 87 ZQE
44 XWWE 72 ZRP

217 YD 71 ZRR
58 YARDR I 79 ZSTR

163 YB t  75 zvP
64 YDR 74 Z7VR
68 nu i 84 zvv

184 YG 80 ZW
57 YP 78 ZWAQ
49 YPAP 81 ZWAW
48 YPD 89 ZWAWE
50 yý 73 ZWD '
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4. OUTPUT DATA

a. Printout - This program will print out titled numbered pages
with the variable as shown in table 5. All input values are printed out
at the start of the run as shown in figure 5.

TABLE 5. OUTPUT VARIABLES, PROGRAM EB920

Variable Format Units Description

U E13.6 feet/second Velocity component in the
x-direction

V E13.6 feet/second Velocity component in the
y-direction

W E13.6 feet/second Velocity component in the
z-direction

P E13.6 radians/second Velocity about x-axis

Q E13.6 radians/second Velocity about y-axis

R EL3.6 radians/second Velocity about z-axis

THETA E13.6 radians Pitch angle

PSI E13.6 radians Yaw angle

PHI E13.6 radians Yaw angle

X E13.6 feet Coordinate point of sub position

Y E13.6 feet Coordinate point of sub position

Z E13.6 feet Coordinate point of sub position

T E313.6 seconds Time during run

H E13.6 seconds Integrating time period

All output variables are printed as shown in sample data sheet, figure
6. This data is a function of the time of the run, T. The frequency of
nrintout is a function of NPNT, printed each NPNth integration cycle. If H,
integration time period is 0.25 second and NPNT Z 8:

a, INTSW 0= (Runre-Kutta integration)

T" a NPNT x H : 8 x 0.25 u 0.5 seconds

Printout would be each half sec-nd
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b, INTSW = 1 (Adams integration)

T"' = NPNT x H x 8 x 0.25 *2.0 seconds

Printout would be every two seconds.

c. Graphical - This program can optionally plot any of the printed
value~s noted in Section 4&.a on a CALOO1W plotter. In addition, the
control paramewters, DS, DB, and DR (elevator and rudder positions) can be
plotted,- These variables are each plotted (as requested) as a function
of timew as shown in figure 7.

5, LISTINGS AND FLOW GHART

The listings and flow chart for program EB920 are given in appendix A.
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B. PROGRAM ZC790, SUBMARINE "A!ULATION, LONGITUDINAL FREEDOM

1. DESCRIPrION

This program calculates the dynamic changes in submarine position,
velocity, and attitude as a function of time for longitudinal freedom. It
is very similar to Program EB920, except that lateral freedom (rudder
change with attendent roll and turn) is not provided for. Therefore, only
longitudinal runs due to thrust or elevator changes can be provided with
this program.

The purpose in preparing this program, in view of the existence of
EB920 (all degrees of freedom), is the shortened computer running time
for the abbreviated program. This will be a real advantage where a large
number of meander, overshoot, or acceleration runs are required. Figure
8 is a block diagram, showing the general layout of the program and the
subroutines used. Euation (9) through (12) give the mathematical model
used. It follows "Standard Equations of Mction for Submarine Limitations"
except that all lateral coefficients have been removed.

The program is written in basic FORTRAN IV for use on ,ny digital
computer with a FOIrRAN compiler. It occupied 6K words when run is on
IBM 360/40 computer. Program results are printed as a function of time
and individual parameters can be plotted if associated CALCOMP plotter
software is available.

The program will accept values of initial conditions for control
surface positions, speed (and components) attitude and depth. This
allows the submarine to be placed in a steady state dive, level flight,
etc., at time zero or start of the computer run. These inputs are:

UC - command speed
DS - stern elevator position
DB - bow elevator position
W - component of velocity in the z-direction

- angular accelerntion component about the y-axis
relative to fluid.

THETA - angle of pitch
Z - depth

This program will give identical results as tts longitudinal channel
of EB920 wheu the same coefficients are used but the running time is one-
eighth and the space required is one-third.

2. SUBRC"T'INE DESCRIPTIONS

The subroutines utilized by this propram are shown in block diagram
form in figure 8. A brief description of each subroutine is included
for clarification of operation of the total program.

a. INPPt - This subroutine reads a data deck specifying program
options, cnntrol, and initial dynamic conditions and the particular
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coefficients and constants for the submarine to be simulated. It provides
for holding initial values of all variables for use on a subsequent run.
It provides for reading additional cards for successive runs, and finally
for exit from the program on a blank card.

b. INTEG - The only integration algorithm available is 2nd order
Adams. This program is used mainly for varification runs rather than
research so different integration methods are not required.

c. EVALI - This subroutine evaluates the equations of motion in
accordance with the mathematical model given in section II. B. 1. It
is identical to the equations used in program ZB920 except that the lateral,
roll, and yaw channels have been removed and all longitudinal coefficients
using v, p, and r have been set to zero.

d. CONTR - The block diagram of figure 9 outlines the CONTR sub-
routine. This subroutine allows selection of one of several preplanned
maneuvers that are used most often in submarine research studies. The
operation is identical to that of the CONTR subrouting in program ZB920
except that provisions for moving the rudder have been removed. The
variable NS will set the desired bow or sternplane schedule as follows:

NS 0 Constant input value
NS 1 1 Meander or Overshoot (figure 3)
NS 2 DS - Impulse
NS z 3 Acceleration/Deceleration
NS - 4 Maximum Acceleration/Deceleration

A useful addition of the program for elevator-impulse control is the
computer output of punched cards of the submarine pitch angle versus time.
These are punched in 2EL5.7 format (THETA, TIME) from To to TLIM. The
cards are useful in other programs associated with submarine response and
described elsewhere in this report. Most associated programs are based on
cards punched at two-second intervals. To achieve this, the input value
of integration interval H, must be 0.25 seconds and NPNT must be eight.

The integration in ZC 790 is performed with the second-order Adams
method. The results may be slightly different from integration to that
performed by the Runge-Kutta method in the EB920 program. This difference
is magnified for rapidly changing conditions as prevail in impulse runs.
Therefore, care should be exercised in the use of impulse runs for this
program, and comparison made with the EB920 program. Greatest accuracy
will accrue by the use of the Runge-Kutta integration of EB920.

The autopilot control of this program uses the identical equation (8)
used by the autopilot control in program EB920.

e. PLOTROU - This is identical to PLOTROU of EB920 except that the
variables v, p, r, PHI, PSI, y, and DR are not saved or plotted.

3. INPUT DATA DECK

4U
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Figure 9. Subroutine CONTR, ZC790, Block Diagram

This section describes the input data deck, defines the FORTRAN
variables in terms of the equations of motion defined in the mathematical
model, and shows how to input data to perform various kinds of simulated
submarine operations. The coefficients referred to here are those included
in the reference "Standard Equations of Motion for Submarine Simulation".
The coefficients are restricted to those in X, Z, and M, corresponding to
those used in calculating axial force, normal force, and pitching moment
on the submarine. The coefficients in Y, K, and N are not used because
they affect only lateral forces and motion of the submarine. The input
deck should follow table 6 exactly.

TABLE 6. INPUT DATA DECK, PROGRAM ZC790

Card Column(s) Format Description

Control Flags

1 1-5 15 NPNT. Data will print out at
T and each NFNT = integration
step, each 2 sec if NPNT : 8
and H = .25 seconds. Right
adjust all integer values.

1 6-10 If IPLOT. To exercise plot op-
tion, IPLOT : 1. Leve blank

hi5
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TABLE 6. INPUT DATA DECK, PROGRAM ZC790 (cont.)

Card Colu3m(s) Format Description

(zero) for no plots.

1 11-15 15 IRUN. Identification number
for individual runs. If IRUN
0 a normal exit is made.

1 16-20 15 NPLT Data will plot at To each!
NPLTjh integration step.

21-25 15 IOPT. This option will allow
changing any one or more of the
input values for a succeeding
run without putting in all the
other values. IOPT z 1 to
exercise ; blank for no selec-
tion. Another run may still
follow, for IOPT = 0, but all
input data cards must be read
again. More information on
this variable is included at
card 19.

1 26-30 15 NS. This variable selects
type of submarine control in
CONTR subroutine
NS = O, Fixed control per

initial conditions

NS a 1, Overshoot, meander, ect.
NS = 2, DS-impulse
NS = 3, Acceleration/deceleratio
NS = 1, Maximum acceleration/

deceleration

Plot card Card must be here (blank) even

if no plots are required.

2 1-35 715 ILOC(I) I x 2,8. Value of I
defines which variable will
be plotted against time.
Sequence defines order of plot
on plotting paper as:

order of plotting
Plot variable:
ILOC(2) - U, component of

velonity in the X-
direction, feet/second
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TABLE 6. INPUT DATA DECK, PROGRAM ZC790 (cont.)

Card I Column(s) Format Description

ILOC(3) - W, component of
velocity in the
z-direction, feet/
second

n ILOC(4) - Q, angular velocity
about y-axis, radians/
second

ILOC(5) - theta (9), pitch angle
radians

ILOC(6) - Z, depth, feet
ILOC(7) DS, stern plane posi-

tion, degrees
ILOC(8) -DB, bow plane position,,

degrees

Timing

3 1-10 F1O.5 TO, starting time, seconds

3 11-20 FIO.5 HO, integration time increment,
seconds

3 21-30 FlO.5 1IM, time of run, seconds

Initial conditions

4 1-10 F10.5 Y(1), U, velccity component
in the X-direction, feet/second

4 11-20 F1O.5 Y(2), W, velocity component in

s-direction, feet/second

4 21-30 FIO.5 Y(3), Q, angular velocity about,
y-axis, radians/second

4 31-4 0 F1O.5 Y(h), THETA(Q), pitch angle,
radians

41-50 FlO.5 Y(5), Z, depth, feet

Coefficient Cards

5 1-80 8FI0.5 XQ:, XUD, X4, XUU, XWW, XDSDS,
XDBDB, XWE

6 1-10 F10.5 'SDSWE

7 1-80 8Fl0°5 ZQD, 7WD, ZQ, ZAQDSI, ZAQ,
_ZTR, ZW, ZWAW
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TABLE 6. INPUT DATA DECK, PROGRAM ZC790 (cont.)

Card Column(s) Format Description

8 1-80 8F10.5 ZAW, ZWW, ZDS, ZDB, ZQE,
ZWE, ZWAWE, ZDSE

9 1-80 8FIO.5 AMQD, AMQAQ, AD, 94Q9Q, AMAQDS,1AMAWQ, AMSTR., AMW

10 1-80 8FI0.5 AMWAW, AMAW, AMWW, AMDS, AMDB,AMQE, AMWE, AMAWE

11 1-80 FIO.5 AMDSE

S %omarine Constants

12 1-10 FIO.5 IY, moment of i ertia about the
y-axis, slug/ftý

13 1-10 FIO.5 CW, weight including water in
free-flooding space, pounds

13 11-20 FlO.5 CB, buoyancy, pounds

13 21-30 F1O.5 UC, initial command speed,
feet/second

13 31-40 F1O.5 XB, x-component of center of
buoyancy, feet

13 41-50 F10.5 ZB, z-component of center of
buoyancy, feet

14 1-10 FlO.5 DS, initial value of stern
elevator position, radians

214 11-20 F1O.5 DB, initial value of bow
elevator position, radians

14 21-30 FIO.5 RHO, density of sea water,
slugs/feet 3

l1 31-hO F1O.5 AL, submarine length, feet

1L 41-50 F1O.5 AM, submarine mass, including
water in free flooding space,
slugs

15 1-10 FIO.5 ETAHI&"2-high), upper referencei
value of UC/UMAG, dimensionless

11-20 "0Ar.?ALC(Il.ow), lower reference
_________ J. -value of UC/UMAG, dimensionless

h8
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TABLE 6. INPUT DATA DECK, PROGRAM ZC790 (cont.)

Card Column(s) Format Description

15 21-30 F1O.5 All, value of a for ETA ETAHISi

15 31-40 F1O.5 A12, value of bi for ETA ETAHI

15 41-50 FIO.5 A13, value of ci for ETA ETAHI

16 1-10 FIO.5 A21, value of ai for ETALO
ETA ETAHI

16 11-20 FIO.5 A22, value of bi for ETALO
ETA ETAHI

16 21-30 F1O.5 A23, value of ci for ETALO
ETA ETAHI

16 31-40 F1O.5 A31, value of a, for ETA ETALO

16 41-50 FIO.5 A32, value of bi for ETA ETALO

16 51-60 F1O.5 A33, value of ci for ETA ETALO

17 1-10 FIO.5 XG, x-component of center of
gravity, feet

17 11-20 FlO.5 ZG, z-component of center of
gravity, feet

Surface Control Schedule

18 1-10 1 FIO. 5 TIME, various periods of time
depending on NS in control
routine, seconds
NS Time

1 Initial steady state

period (See figure 3)

2 Not used in input
3 Period of constant

application of each
commmnd speed

4 Period of constant
application of each
command speed

18 11-20 F10.5 RI, negative rate of change of
elevator position, radians/
second during meander runs
(NS : 1) radians/second (See
figure 31
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TABLE 6. INPUT DATA DECK, PROGRAM ZC790 (cont.)

Card Column(s) Format Description

18 21-30 r FlO.5 DELTMA, maximum neoative
swing of elevator (must be
more negative than DS, initial*
condition) during meander runs
(NS : 1), radians (See figure 3)

18 31-40 F1O.5 SWMAX (1'), execute pitch angle,•
maximum submarine live angle
during meander type run (NS =
before turning elevators to a
more positive value, radians

18 41-50 F10.5 R2, positive rate of change of
elevator position after subma-
rine reaches Q', radians/secondt
(See figure 3)

18 51-60 FlO. DSTMI, maximum position to
which elevators are moved dur-
ing 'R2' change, radians (See
figure 3),

18 61-70 F1O.5 DSF, final value of elevator
Sposition during DS - impulse

run (NS z 2), radians.

Additional Run Controls If IOPT was "0" on card ] of
the last data deck, card 32

can be either blank for a
normal exit or card 1 of a
new data deck for additional

Iruns. If ! OPT z F on card 1
Sof the last data deck, see

, below.

19 1-5 15 IRUN, run numbers
IRUN = 0 (blank card) a new
data deck is read. A blank
card at the start of a data
deck results in a normal exit
so two blank cards at the end
will always end the run.
IRUN a Inteeer. Use as new
run number and continue read-
ing cards below.

2 0 1-5 15 NDEX, common location for
paramnier to be changed.
?able 8 shows the variable

_ _ _names versus the the common
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TABLE 6. INPUfT DATA DECK, POQRAM ZC790 (cont.)

Card Column(s) Format Description

locations, NDEX

20 11-20 F10.5 VALUE, new value of parameter
I'hanged in columns 1-5 of this
card.

20 + n 1-20 15, 5X,
IO.5 Repeat card 20 as desired.

20 + n -I Blank Start new run after all changes
have been made

4. OUTPUT DATA

a. Printout - This program will print out titled, numbered pages.
The first page proviues the input data as shown in figure 10. Subsequent
pages provide the var 4.ales noted in table 7.

TABLE 7. OUTPUT VARIABLE, PROGRAM ZC790

Variable Format Units Description

U E13.6 feetsecond Velocity component in the
x-direction

W E13.6 feet/secori Velocity component in the
s-direction

Q E13.6 radians/seconds Angular velocity about the
y-axis

H3TA E13.6 radians Submarine pitch angle

Z E13.6 feet Submarine depth

T E13.6 seconds Time

A sample data sheet is shown in figure _1. kCoefficiente used in
this run are trial or synthetic oeff s. *k data is a function
of the time of the run, T. The frNqe.cy of printout is a function of
NPNT, printed each NPNTt Integrition cycle. For instance;

For the integration which used ICYC : 1. If 1.., integration time
period is 0.25 second and NPNT : 6

NPNTx H 8x0To : -M a 2 seconds (12)

This printout would be at t 0 0 and each two seconds thereafter.
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TABLE 8. ZC 790. COMMON LAYOUT

Looatione Term Location Locatioi Term Location Term

1 H 37 ZWAWE 73 A22
2 N 38 ZDSE 74 A23
3 Is1 39 AMQD 75 A31
4 NPNT 40 AMQAQ 76 A32
5 TIIM 41 AMWD 77 A33
6 RHQL2 42 AMQ 78 XG
7 RHQL3 43 AMAQDS 79 ZG
8 RHQL4 44 AMAWQ 80 ILOC(I)
9 RH9L5 45 AMSTR 81 (2)

10 1 46 AMW 82 (3)
11 ETA 47 AMWAW 83 (4)
12 ETAMI 48 AMAW 84 (5)
13 ISW2 49 AMWW 85 (6)
14 XQQ 50 AMVS 86 (7)1 5 XUD 51 AMDB 7( 8 )
16 XWQ 52 AMQE 88 IPLOT
17 XU`U 53 AMWE 8 IRUN
18 XWw 54 AMAWE 90 IOPEN
19 XDSDS 55 AMDSE 91 NPLT
20 XDBDB 56 IY 92 IOPT
21 XWWE 57 Cw 93 Y(l)
22 XDSDSE 58 CB 94 (2)
23 ZQD 59 UC 95 (3)
24 ZWD 60 XB 96 (4)
25 ZQ 61 ZB 97 (5)
26 ZAQDS 62 DS 98 (6)
27 ZWAQ 63 DB 99 TIME
28 ZSTR 64 RHO 100 R1
29 7 65 AL 101 DELTMA
30 ZWAW 66 AM 102 SWMAX
31 ZAW 67 ETAHI 103 R2

32 zwW 68 ETALO 104 DELTMI
33 ZDS 69 All 105 DSF
34 ZDB 70 A12 106 NS
35 ZQE 71 A13
36 ZWE 72 A21
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b. Plots - The program can optionally plot any of the printed values.
In addition, the control parameter DS and DB (plane position, radians) can
also be plotted. This output is identical to that of figure 7.

5. LISTINGS AND FLM. CHARTS

Appendix A contains the listings and flow chart for this program.
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C. EC 470, INITIAL CONDITION COMPUTATION FOR SIMULATION

1. DESCRIPTION

In order to evaluate longitudinal performance of the submarine, a
set of initial conditions for level flight is required. These initial
conditions are a set of neutral angles defined as g, steady state pitch
angle; DS, sternplane angle; and DB, bow (sail) plane angle at a particular
spoed. This requires that the angle of attack equal the pitch angle and
that the accelerations 6, r, and 4 equal zero. Reference is made to angle
of attack in many texts, including the NSRDC reports but the parameter
does not appear in the equations of motion. This is because a body axis
system of coordinates is used instead of a flight path set. The angle of
attack is the angle between the flight path and the body when roll angle
is zero.

Figure 12. Angle of Attack,

The angle of attack (and in the case of steady level flight, the
pitch angle) can be calculated from the relationship

LA. (13)

Sir) 5 =LJI QK (14)

as seen in figure 12. This removes the parameter 0 by replacing it with
a function of "r, For any speed, U the equations of motion can be solved
for level flight, in terms of U and 1 s or S, by sett.ng it, qP 4, and
all lateral terms to zero. Equation (3) is dktermined from Normal Equation
(3) of the NSRDC Standard Equations and

WIWI WII i V W # V.4u~ +.P kI4i 4~L? 4'" (15)
=0C

equation from the pitching momeit equation (5).
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'A' Iw + M W A1W " L& A4J M IMWI ~

+ JfM 2 + I64 2+ LA~ (16)

/ : density of water, R length of submarine, and ý can be
either s or B provided that the correct coefficients Z6s, M6 s or
Z SB, M &B are used as inputs.

This program solves Equations (15) and (16) for w and * The
program utilizes all coefficients of interest so that it can be used
with any set of coefficients applicable to the NSRDC equations. The pitch
equation is solved for S with a trial value of W, and this value is
used in bhe normal equation via Newton's method. Theta is then calculated
by equation (17).

EI

This program serves another purpose in addition to determining the
initial conditions for longitudinal runs. The values for S are determined
for the operational speed range of the submarine and at some point the
values become very large. This speed is known as the critical speed be-
cause at this speed the controls are ineffective in controlling the pitch
attitude of the submarine. The critical speed points determined by this
program can be checked against the data sources to insure effective train-
ing through the simulation.

2. INPUT DATA DECK

The inputs to the program include the appropriate submarine coeffi-
cients, including choices of ZDS or ZDB and MDS or MDB for stern or sail-
planes respectively. The other plane is considered to be sat at zero and
has no effect on the submarine trim. The submarine physical constants,
and the speed of operation are needed also. These values are identified
in detail with their locations on punch cards in table 9.

TAmLE 9. INPUT DATA DECK, PROGRAM EC 470.

Gard Column(s) Format Description

l 1-5o 5no.5 ZWAW, ZWW, ZW, ZAW, ZSTR

1 51-60 F1O.5 ZDEL, use either ZDS or
ZDB as desired.

2 1-50 5FI0.5 MWAW, 1,d, W, MAW, MSTR

2 51-60 F1O.5 MDE, use either MDS or
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TABLE 9. INPUT DATA DECK, PROGRAM EC470 (cont.)
Card Column(s) Format Description

I MDB in accord with selection
of ZDEL above.

3 1-10 Flo.5 B, buoyancy, pounds

3 11-20 F1O.5 AB, z-component of center of
buoyancy location, feet

3 21-30 F1O.5 RHO, ,3 density of sea water,
slugs/f'3

3 31-40o F1O.5 AL, , submarine length, feet

4 1-10 F1O.5 U, soubmarine forward velocity,
feet/second. This should be
highest speed desired.

4 11-20 FlO.5 WZERO, , trial value of
as required in solution of
problem. This initial guess
should be close; let approxi-
mation is .002 U radians
(U in feet/second).

4 21-30 F1O.5 ULIM, suumarine forward
velocity, feet/second. This is
the slowest speed desired.
The program will calculate
initial conditions from U thru
ULIM in one (i) knot (1.689
feet/second) intervals.

5 - Elank card for normal end of jobj

3. OUTPUT DATA

Figure 13 is a sample output data sheet using trial or synthetic
coefficients. The output is presented in rows of data at one knot in-
tervals in speed from the highest requested speed, U to the lowest,
ULIM. The following parameters are printed:

a. Input data - All coefficients and submarine physical constants
as provided in the first three input data cards. Units are same as those
for the input data.

b. Output data

U - forward speed, feet/second
U - forward speed, knots
W - Normal speed, feet/second
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DEL - DS or DB, depending in the selection of the coefficients,

ADS and MDS or ZDB and MDB respectively, radians.
THETA - 9, submarine pitch angle, radians
DEL - )S or DB, degrees
THEMA - 0, degrees

4, LISTINGS AND FLOW CHART

The list'.ngs and flow chart for program EC470 are included in
appendix A.
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D. EC430,. CENTER OF GRAVITY COMPUTATION

1. 73ESCRIPTION

This program calculates the new locntion of the center of gravity, in
three planes, due to the flooding of any combination of tanks on a sBIoimarine.

The program solves equations xtated below, and points out the new
total weight, three components of center of gravity position, and a record
of the tanks filled.

W% , Xk h

YG,

6~ ~~A +.Yg W;4 N -'

where X G" x - component of center of gravity location, feet

YG = y - component of center of gravity location, feet

ZG = z - component of center of gravity location, feet

Wi a weight of submarine, pounds

Xl = x - component of center of gravity basic submarine, feet

Y z z y - component of center of gravity basic submarine, feet

Z1 z z - component of center of gravity basic submarine, feet

W, = weight of water in ith tank, pounds

Xi z x - component of center of gravity of ith tank, feet

i = y - component of centnor of gravity of ith tank, toet

Zi Z z - component of csiiter of gravity of ith tank, feet

W X WO 4 Wi, pov-ds

i 2 integer from 2 to 50, depending on numbor of tanks
considered

2. IZPUT DATA )EX

The iLput variables to tt'e prorram include the nunbers of particula'
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tanks, weight of water when full, three components of center of gravity of
each tank when full, and particular control variables. These inputs are
described in detail with their locations on punch cards in table 10.

TABLE 10. INPUT DATA DECK, PROGRAM EC1,30

Card Column(s) Format Description

1 1-5 15 N, number of tanks (including
one (1) for submarine, con-
sidered as a tank)

1 6-10 I5 IPNT. controls printant data
IPNT z 1 - Input data printed
IPNT = 0 - Input data not printe

2 1-10 F10.5 WI, Wi, weight of water in tank ,

pounds. First weight, W1 , is
weight of submarine

2 13-20 F10.5 XI, Wi, x-component of center
of gravity, pounds. Firstvalue, X1 , is for suomarine
(usually = 0).

2 21-30 F10.5 YI, Yi, y-component of center
of gravity, pounds. First
value, Y1 , is for submarine
(usually 0 0).

2 31-40 F10.5 ZI, Zi, z-component of center
of gravity, pounds. First
value, Zl, is for submarine
(usually a 0).

2 41-5o0 FO.5 WI, Wi Z W(2), weight of water
in #2 tank.

2 'q-60 F1O.5 Xi, Xi- : X(2), x-component of
of C.G. for #2 tank

2 61-70 F10.5 YI, Yi a Y(2), y-component of
C.G. for #2 tank

2 71-80 FPO.5 ZI, Zi : Z(2), z-component of
C.G. for #2 tank

3-n 1-80 8F10.5 Ropeat card number two (2)
until N weights and C.G.
components have been entered,
one set for each tank. Maxi-
mum number of tanks (sets) is
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TABLE 10. INP rDATA DECK...OG.AM EC430 (cont.)
Card Column(s) Format Description

fifty (50).

n+l 1-n nIl ICTL(I) I = 1,N
This single array represents
all tanks to be considered,
#1 (the submarine itself) thru
N (the largest number of tanks
up thra 50).
ICTL(I) = ith tank is empty.
ICTL(I) = 1, ith tank is full
and the W, X, Y, and Z values
of this tank will be included
in the calculations.

M+2-m Stack as many of these cards
as desired, one card for each
run

m+l 1 Il 9, this is normal end of job
DT card.

3. OUTPUT DATA

A sample of the output data sheets is shown in figure 14. This sample
is in two pages, numbered sequentially and each identified by the program
number and title.

Page one shows the input data, N, W, X, Y, and Z, number of the tank,
weight of water of the tank and the x, y, and z ciordinates of the center
of gravity of each full tank.

Page two cor~tains two sets of data. The first includes a listing of
all tanks considered from 1 thru N. Below each tank number is a second
digit which is "1" if the tank is filled and the weights and moment arms
for that tank are considered in the calculations. This number is "0 " if
the tank is empty.

4. LISTINGS AND FLOW CHAr•

The listings and flow chart for program EC430 are included in
appendix A.
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E. ZC 300. SUBMARINE THRUST

1. DESCRIPTION

This program solves equation. 18 for axial thrust or force, m U

and axial acceleration A.

M LA -L L~ 4 6 ( LA Cý (18)

LA- : axial acceleration, (ft/sec2 )

f U.. *force, (ib)

$V : mass, (slug 16-sec2 )

u density, (1.995 slug/f t 3 )

- length, (ft)

bi Q r dimensionless constants depending
on value of "2 (L,• Ic)

LL. = submarine axial velocity, (ft/sac)

U r. a command speed, (ft/sec)

Three sets of constants are used for ai, bi, and ci depending on the
value of as compared to 7 high and low in equation 19.

0 '(19)

C41  C) C2 <
At u : 0 equation 20 is used,

(20)

2. INPUT DATA MK

The input variables are submarine length, mass, "7high, I low, and
the three values of ai, bi, and ai. They are punched on cards according
to table 1I.
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TABLE 11. INPUT DATA DECK, PROGRAM ZC300

Card Column(s) Format Descriprtion

1 1-10 FPO.3 AL, submarine length

11-20 F10.3 AM, submarine mass

21-30 FPO.3 ETAHI, upper value of
for coefficient change

31-4o F1O.3 ETALO, lower value of
for coefficient change

2 1-10 FIO.6 A1

11-20 F10.6 A2

21-30 F10.6 A3

3 1-10 P1o.6

11-20 F10.6 B2

21-30 F10.5 B

4 1-10 o10.6 C1

11-20 F10.6 C2

21-30 FlO.6 C

3. OUTPUT DATA

The output includes

a. All input variables

b. Table of force (-irust) as a function of command speed from -15
to +30 knots ( C 5 knots) and for values of U from 0 to 30 knots
( 4 2.5 kno t)

c. Table of acceleration as function of same velocity variables
as b. above.

4. LISTINGS AND FLOW CHARTF

The listings and fl-w chart for program ZC300 are included in
appendix I.
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F. ZC690, ERROR CALCULATOR, DS . DR CONTROL

1. DESCRIPTION

This program calculate, t7 '-rcent error of change in a variable.
Inputs are from EB920, Submarine Simulation Program - U at 60 seconds,
theta high, phi mini, phi (peak near T a max), and psi at 60 seconds.
The program calculates the change of each variable from value at t = 0
for the original program coefficients. Then a coefficient is set to
zero and the changes recalculated and compared to the reference run as

% change ( U6s) : 0 -

These calculations are printed out with all input data for 5, 15,
and 25 knots, Figure 15 shows the criteria used for comparison for each
of the variables.

2. INPUT DATA DECK

Table 12 gives the format for the input data deck for this program.

TABLE 12. INPUT DATA DECK, PROGRAM ZC690

Card Coluimu(s) Format Description

1 1-4 14 NO01, lst run at 15 knots

11-14 14 N025, 1st run at 25 knots

2 1-4 14 Run number, No

11-18 2As Coefficient set to zero, COEF

21-30 F1O.5 Value of u at 60 sea, U60

31-40 F7O.6 Peak value of theta, THETHI

41-50 710.8 Minimum value of phi, PHIMIN

51-60 F10.8 Peak value of last oscillation
of phi, PHIUP

61-70 Fi0.6 Value of psi at 60 sec., PSI60.

2-N Repeat above card as des~reoI
N la nk card for end of data
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3. OUTPUT DATA

The output includes

a, Percent change in (see figure 15)s

1. 4U(60)

2. 4, theta(peak)

3. AC Phi(rmin)

4A. Phi(lobe)

5. ps pi( 60 )

b. All input variables

4. LISTINGS AND FLOW CHART

The listings and flow chart for program ZC690 are given in appendix A.
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G. /,C6912 ERROR CALCULATOR, DS CONTROL

1. DESCRIPTION

This program calculates the percent error or change in a varisble
compared to change of a reference. Inputs are from EB920, submarine
simulation program. Reference data is data for u, 0, and z from
EB920 for original coefficients at 5, 15, and/or 25 knots. Comparable
data, (see figure I.ý) is taken from the output of 7B920 for setting a
coefficient (COEF) to zero, or varying values of XG and ZG for center
of gravity studies. The program calculates values such as:

% change (u) 100 [
for u, 0, and z

This program differs from ZC690 in that a newr rpference run can be
used Rt ench comparison rather than only one reference at the start.
The reference run can be compared to either a single run (variable
ISW2 = 1 in the program) or to a group of runs (ISW2 = 0).

2. I DATA DECK

Table 13 gives the format of the input data dpel' for this Drogrnm.

TABLE 13. INPUT DATA DECK, PROGRAM 4C6 1

Card Column(s) Format j Description

1 1-4 I Run win•br of first cise at
15 knots (25 if vo 15 knot
case), N015, right-adjust

11-14 IL Run number of first cAse it
25 knotn, ... r, ri:pht idjust

Ii IS2, option for group or
indiividu-l r'in cmn-trison

2 1-4. IL Run nitnber, W4

11-1I ;A4 i},effileknt r-t t, ,-.r,

21-10 F10 Vilut ip u 'in, 1

11-40 F I V4 lue , t•t nTH.--r

1-5Q F1? *•L.z "f" "t 6•2 "., £I
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TABLE 13. INPUT DATA DECK, PROGRAM ZC691 (cont.)

Card Column(s) Format Description

2 51-60 F1O Xg (if used), XG

61-70 FlO Zg (if used), L.G

3-n Repeat card No. 2 as desired for each comparison run

n+1 New reference card for new (15 knot or 25 knot)
spead range

n-m Repeat card No. 2 as desired for each comparison run

m-k Repeat cards n+l and n-M for 25 knot speed range

k+1 Blank card l

Table 14 and 15 give examples )f the two types of input decks
that can be used.

TABLE 14. DATA SUBMITTAL FOR ISW2 0 0, ZG691

Card Use

1 Speed change run NO's, Compaiison switch (1S42 = 0)

2 Reference run data

3 Comparison run data

4-n Repeat card 3 as required

n+1 New ret run data at nee spee.i rnnge

n+2 Comparison run data

n.-a Repeat card n+2 as required, et.c.
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TABLE 15. DATA SUDMITTAL FOR ISW2 = 1, EC961

Card Use

1 Speed change run numbers. Comparison switch (ISW2 = 1)

2 Reference run data

3 Comparison run data

4 Reference run data

5 Comparison run data

6-n Repeat card 2 as required right through speed changes

7-n+1 Repeat card 3 as required right through speed ihanges

3. OUTPUT DATA

The output includes

a. Percent chqnge in

I. i~u

.2. •theta

3. !z

b. All inotut xa~ntities and initial conditions

4. Li.IaJr S AND FL4W CUHAý

rhe listings tnd flow chart for orogvn Z¶n -.re ,tv,-n in
Apperidnx A.
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H. ZVU,0. ROOT CRACKER PROGRAM, LONGITUDINAL

1. DESCRIPTION

This program is used to help analyze submarine elevator impulse
response for natural frequencies and damping factors. The program solves
the roots of the characteristic equation which in turn was solved from a
matrix of the longitudinal force terms of the equations of motion.

These ,oots are equivalent to the values : , 3 , and Y of equation
(21).

1 A AIe Cos (P t +'+) (21)

which is the longitudinal time output response to an impulse input. The
variables al, a2 , and Y (as well as an additional estimate of I
and V ) can be estimated from program EC330, Time Response Coefficient
Estimator, Longitudinal. Then the frequency response to a particular
impulse as described by equation (21) can be calculated and plotted in
program EC310, Brown's Convergence and Comparative Plot Program, against
an actual impulse plot made from an EB920, Submarine Simulation Program
run.

Equation (22) shows the ,matrix formed from the longitudinal terms of
the equations of motion. The assumptions and modifications that were used
to simplify the matrix are noted. The values of ' and j are average
values of theRse terms as taken from a number of actual full set runs of
a submarine at steady state conditions on program EB920, Submarine Simula-
tion Program. These values are used as a compensation for the non-linear
terms in the longitudinal loop by modifying the basic coefficients. For
example,

where 4 is an average value of J q used as a constant.

Several of the coefficients shown in the matrix of equation (22)
are combined inside this program to provide more simple matrix elements.
These are used in the actual matrix sclved and are printed out for
convenience. These new values of combined coefficients will be shown as
primes here (are printed without primes) such as

+4
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The matrix element, (1, 2), equation (22), ii• then carried to the
matrix an

This same simplification is carried out for the other modified
coefficients MId •

and

The characteristic equation resulting from the expansion of equation
(22) is a fourth-order equation which has four roots

'0 and P are the real and imaginary components of the complex
roots. T is the larger of the two real roots, b is the smaller.
Only three roots are used in the analysis of longitudinal natural fre-
quencies and damping factor. The fourth root (smallest real magnitude)
has a very small coefficient in the time domain and represents a long
term effect due to changes in U (forward speed). This term can thus be
ignored when considering pitch motions, but the other roots are more
accurate if this term is included in the matrix.

Certain measurement parameters are calculated from the roots by
this program. They are the natural frequency

the time to damp to one-half

Tyiz - __

the period

p -7
/3
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and the damping ratio

(A)n r

2. SUBROUTINE DESCRIPTIONS

a. PLACE - This subroutine places each set of elements of the
matrix into the matrix so that the characteristic
equation can be expanded.

b. CHREQN - This subroutine expands the matrix formed by subroutine
PLACE into the characteristic equation by taking the
determinant of the matrix.

c. MULLER -- Tnt subroutine, by the method of Muller, calculates
the roots of the characteristic equation.

3. INPUT DATA DECK

The input variables to the program include the coefficients and
submarine constants noted in the matrix of equation (22). They are
identified in detail with their locations in table 16.

TABLE 16. INPUT DATA DECK, PROGRAM EC140

Card Column(s) Format Description

1 1-80 8FIO.5 I AWD, ZW, ZQD, ZQ, MWD, MW,
, MQD, MQ

2 1-10 F10.5 AW, i, average value of normal
component of submarine velocity,
based on a number of full set
runs, feet/second

2 11-20 F1O.5 AQ, -, average pitch rate,
radians/second

2 21-60 4IM AQ, 4, average pitcn rate,
radians/second

3 l-3.o F10.5 XUD

3 11-20 F10.5 All, aj, thrust coefficient

3 21-30 F10.5 A12, bi, thrust coefficient

3 31-70 V10.5 ZSTR, MSTR, XQQ, XWQ

4 1-iO F-O.5 L, submarine length, feet
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TABLE 16. INPUT DATA DECK, *PROGRAM ECI40 (cont.)

Card Column(s) Format Description

4 11-20 F1O.5 M, submarine mass, slugs

4 21-30 FlO.5 IY, moment of inert a about
the y-axis, slug-ft

4 31-4O F10.5 B, submarine buoyancy, pounds

4 41-5o F10.5 ZB, zR, a-component of center
of buoyancy, feet

51.60 FnO.5 RHO, A density of seawater,
slugs/ft3

5 1-10 F1O.5 U, u, forward velocity, knots
Stack as many U cards as de-
sired. Place a blank card
after the last U card for that
set. Repeat all above cards
as desired for a new case
with different coefficients.

last 1-4 F4.3 999. The program takes normal

end of job with this card.

4. OUTPUT DATA

Figure 16 shows a typical output sheet from this program.

a. Input data - all input data is printed out in the units
described above.

b. The factors Al, A2, etc., of the characteristic, equation are
printed out. For this 4th order equation

AI s" A2 S + I A3 S Al/ s = 0

c. Roots - The four roots of the characteristic equation are
printed out.

d. Measuremnt Parameters - The natural frequency, time to damp
to one-half, period and the daumping ratAo are printed out.

5, LIST1?0S AND FLCW CHART

The listings and flow chart for program ECI4O are given in Appendix A.
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I. EC320 ROOT CRACKER PROGRAM, LATERAL

1. DESCRIPTION

This program is used to help analyze submarine rudder impulse response
for natural frequencies and damping factors. The program solves for the
roots of the characteristics equation which in turn was solved from a
matrix of the lateral forob terms of the equations of motion.

These roots are equivalent to the values , p , •, and S of
the equation below:

4 0 t, + Y) 4. e,,e

which is the lateral time output response to an impulse input. The
variables aa 2 1 a2, and + can be estimated from program ECISO, Time
Response Coifficieni Estimator, Lateral. Then the frequency response to
a particular impulse, can be calculated and plotted in program EC310,
Browns Convergency and Comparative Plot Program, against an actual impulse
plot made from an EB920, Submarine Simulation Program run.

Equation (23) shows the matrix-formed from the lateral terms of the
equations of motion. The assumptions and modifications that were used to
simplify the matrix are noted. The values of 5, F, and *are average
values of these terms as taken from a number of actual full set runs of
the submarine at steady state conditions on program EB920, Submarine
Simulation Program. Figure 17 qualitatively shows the errors inherent in
the substitution of one of the values, say 11 for H- . These values are
used as a compensation for the non-linear terms in ýhe lateral loop by
modifying the basic coefficients. For example,

where 7 is an average value of irl used as a constant.

Y-v. and Ywfg,.. are combined into a single term in the matrix. A
similar process is used for ilp and irl , set to f and F respectively.

Several of the coefficients shown in the matrix are combined within
this program to provide more simple matrix elements. These are used in
the actual matrix solved and are printed out for convenience. These new
values of combined coefficients will be shown as primes here (are printed
without primes) such asw .
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as The matrix element, (1,1) equation (1), is then carried to the matrix

This same simplification is carried out for the other modified
coefficients.

YP

K v

N Lk

The characteristic equation resulting from the expansion of equation
(2))is a fourth-order equation which has four roots

+._+ 0 0

which can be used in impulse respornse equation.

2. SUBROUTINE DESCRIPTIONS

a. PLACE - This routine places each element of the matrix similar
to table in its location in the matrix ready to expand into
the characteristic equation.

b. CHREQN - This subroutine expands the matrix formed b" sub-
routine PLACE into the characteristic equation by taking the
determinant of the matrix.

c. MULLER - This subroutine, by the method of Muller, calculates

the roots of the characteristic equation.

3. INPUT DATA DECK

The input variables to the program include the coefficient and sub-
marine constants noted in the matrix of equation (23). They are identified
in detail with their locations in table 17.
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TABLE 17. INPUT DATA DECK, PROGRAM EC320

Card Column(s) I Format Description

1 1-60 6PIo.5 YVD, YV, YPD, YP, YRD, YR

2 1-60 6FI0.5 AKVD, AKV, AKPD, AKP, AKRD,
AKR

31 1-60 6F10.5 ANVD, ANV, ANPD, ANP, ANUD,
ANR

4 1-10 F1O.5 AL, submarine length, feet

4 11-20 F10.5 AM, submarine mass, slugs

4 21-30 F1O.5 IX, movement of inertia about
the X-axis, slug-ft 2

4 31-40 FPO.5 IZ, movement of nertia about
the axis slug-f tp

4 41-50 F10.5 B, buoyancy, pounds

4 51-60 F10.5 ZB, s-component of center of

buoyancy - feet

4 61-70 F10.5 IWO, d iensity of sea water-
slugs7ftj

5 1-10 8F10.5 YVAV, YVAR, YPAP, AKVAV, AXPAP,
ANVAV, ANRAR, ANAVR

6 1-10 F1o.5 RBAR, F, average yaw rate,
based cn a number of full set
runs, radians/second

6 11-20 F10.5 VEAR, v, averag3 normal
velocity, feet/second

6 21-30 F10.5 PBAR, j, average roll rate,
radians/second

7 1-5 15 IDIV, this option allows the
program user to divide TVAVe
VBAR, TYVAR*RAR, YPAP*PBAR,
KVAV*VEAR, KPAP.PBAR, NVAV*
YEAR, NAVYRRBAR and HAVF*VBAR
by velocity, before punhing
cards or lettinR the computer
do the division.
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TABLE 17. INPUT DATA DECK, FROGRAM EC320 (cont.)

Card Column(s) Format Description

0 User to divide
1 Computer divides by

8 1-10 F1O.5 forward velocity, knots.
Stack as many per set of co-
efficients as desired. Place
a blank card after last card
of each set. This causes next
case to be read.

last 1-5 F5.4 9999. The program takes
normal end of job with this
card.

h. OUTPUT DATA

Figure 18 of program ECI40 shows a typical output from this program
except that the measurement parameters are not calculated.

a. Input data - all input data (except IDIV) is printed out in
the units detailed above.

b. The factors Al, A2, etc., of the characteristics equation are
printed out. For this 4th-order equation

AJ 4-' A /2• + A• 7 +-A' -. -, •-=

c. Roots - the four roots of the characteristic equation are
printed out.

5. LISTINGS AND FLOW CHART

The listings and flow chart for the main program of EC320 are given
in appendix A. The subroutine listing and flow charts are identical to
those of program ECI40.
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J. EC150, COEFFICIENT ESTIMATOR, LATERAL

1. DESCRIPTION

The response to a rudder impulse (lateral case) of a submarine can
be approximated by the equation (24)

where y = roll angle of the submarine, radians
t = time, seconds

* roots of the characteristic equation or damping
factor of the individual components

a frequency of oscillating term, radians/second
= phase delay, radians

C,,Cj.= coefficients of magnitude of each term

It is often quite useful to determine the magnitude of all the terms
on the right side of equation (24) for a particular response to a lateral
control impulse to a submarine in motion.

Values for y(t) can be calculated by solving the detailed "Standard
Equations of Motion for Submarine Simulation". GAC program EB920 will
perform these calculations over the time period desired. This program
will also punch output cards with time and fb . This data deck will be
used later. Program EB920 further provides a computer plot of 9 versus
time as shown in figure 19 when CALCOMP plotter subroutines are available.

Program EC320, Root Cracker Program (Lateral Case), solves for the
roots of the characteristic equation using the matrix Laplace form taken
from the equations of motion. These roots are used for initial values

, , •, and S in equation (24) above. They are not exact because
of the program linearization. These values are inputs to program ECI50,
time response coefficient estimator, lateral, which will estimate the
values Q , , C. , , and W . The punched data deck from EB20 is the
only other input data required.

The program calculates the following:

a. To find 4d 1

At tq (figure 19), the actual detailed calculated curve has
decayed sufficiently that, for this calculation, the a1 and a3
terms may be considered zero. For all response curves having the
first lobe after t = 0, the a2 term is negative. Therefore, the
positive peaks of figure 19 are equivalent to peak negative (-)
values of the cosine term

Cos ( -tj 4) :-1 ; t - rt r 7
(25)
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Figure 19. Submarine baoponse Curve, Lateril Case
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or

U'= (In ti 1-- 01 (26)

The last term of equation (26) merely subtracts multiples of 3600
from this calculated value of 4' to keep it an equivalent smallest number.
This program automatically uses the value of the peak of the lait lobe
(searched out from the data deck) for the magnitude and time of t .

b. Time, TO, at which the a3 term of equation (2h) is negligible:

TO (27)

The printout data will provide T and also the values of -tq and ts.
Value of To should be checked to verify that it is less than Cf. Other-
wise, EB920 may have to be run for a longer time to provide good input
data for this program.

c. To find a2 :

Using values of tL1 and ts- (selected automatically from the data
deck input by this program) and assuming that the a3 term is zero:

(28)

-t (29)

4-C Dý '(t ~ (30)

d. To find alt

Substitute the value of a 2 just found into equation (27)

(31)

e, To find a3:

At t 0 0, equation (?4) can be arranged as:

A l 1 (32)

These values &9, a, a?, and &3 are outputs of the program ECISO.
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They may then be used, with the values of T , , and
from the Root Cracker program in EC310, Curve Fitting Program. This
program will take these eight terms, calculate a set of values versus
time, and plot against the exact calculated response values of EB920
for comparixon as shown in figure 19.

Program E0310 ha3 an option for convergence of six of the terms of
equation (24) for optimum values by use of Brown's routine. 5 and a•
are usually held constant. This option can be exercised separately ani
plots run. The function will sometimes converge more closely than figure
19, and a very satisfactory set of values for the terms of equation (24)
will 1e available. However, due to the approximations involved in EC320
and ECM5O, the function (which is converged through Brown's routine and
needs very close initial values of all terms) may not converge. In this
event, additional calculations or intuitive estimates for closer values
of some or all terms,B ,p ,", , ,al, and a3 may need to be
made and the last one or twb steps above repeated.

Even though final convergence may not be achieved with terms cal-
culated through EC320 ard EC150, the first plot of estimated values (of
the nature of figure 19) is a very useful starting place for final con-
vergence attempts.

2. INPUT DATA DECK

The input data consists principally of:

a. Punched cards from impulse run of EB920 Submarine Simulation
Program .unched at two second intervals.

b. Values for t , p , ' , and ; from EC320, Root Cracker, 3D,
Lateral program.

The data deck format is given in table 18.

TAELE 18. INPUT DATA DECK, PROGRAM EC1SO

Card Column(s) I Format Description

1 1-5 15 N, number of data points from
EB920 run (one per punched
card)

2 1-10 F1O.5 U, submarine speed, knots

2 11-18 2A NAME, use the word, PHI. For
use as y-axis label on tabu-
lated printout data sheets

3-n 1-10 15.7 PHI(I) values on punched cards
from EB920, radians
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TABLE 18. INPUT DATA DECK, PROGRAM EC10 (cont.)

Card Column(s) I Format Description

3-n 11-20 E15,7 T values on punched cards
from EB920, seconds

n+l 1-10 FIO.5 A, I( , value of root calcu-
lated in EC320. Input value
muist be a positive number

n+1 11-20 FIO.5 B, ý , value of root from
EC320, input as a positive
number, radians/second

n+l 21-30 FlO.5 5, O , value of root from
EC320, input as a positive
number

n+l 31-40 F10.5 D, ) , value of root from
EC320, input as a positive
number

n+2 Blank card for normal end
of job

4. OUTPUT DATA

The output includes sequentially numbered papers each identified
with EC050. The following terms are printed:

U - submarine speed, knots, PHI(I) - all the values of the
impulse run of EB920 as read by the card inputs to this program

YMIN - the value of PHI at tC (see figure 19) as selected from the
input cards from EB920, radians

YMAX - the value of PHI at radians
TO - r, time at which the 83 term of equation (?4) is negligible,

seconds

74 - t.;., last peak value of oscillating function as selected from
the input cards from EZ20, seconds

T5 t-, last minimum value of oscillating function, seconds

A - " , value from EC320

B - , value from EC320

G - - , value from EC320

P - P or PSI, calculated phase delay, radians
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Al - al, calculated constant for equation (24)

A2 - a2 , calculated constant for equation (24)

D - 6, value from EC320

A3 - a39 calculated constant for equation (24)

5. LISTINGS AND FLOW CHART

The listings and flow chart for program EC.50 are given in
appendi7- A.

92



HAVTRADEVCEN 68-c-0ooo-2

K. EC330, (flEFFICIENT ESTIMATOR, LONGITUDINAL

1. DESCRIPTION

The response to an elevator impulse (longitudinal case) of a sub-
marine can be approximated by equation (33)

where

y = pitch angle (theta) of the submarine, radians

t - time, seconds

* roots of the characteristic equation or damping
factor of the individual components

a frequency of oscillating term, radians/second

- phase delay, radians

0,10i -- dimensionless coefficientd of magnitude for each term

It is sometimes necessary to determine the magnitude of all the terms
on the right side of equation (33) for a particular response to a longitu-
dinal control impulse to a submarine in motion. This program provides a
method for securing first, reasonable approximations of the terms:

The exact response to a specific impulse can be calculated by solving
the equations of motion. GAC program EB920 will perform these calculations
over the time period desired. This program (EB920), in addition, will punch
cards of the output value, Y or theta, versus time. (Time intervals of
punch data should be two seconds for use in EC330). This data deck will be
used as an input to the subject program, Z0330. Program E-20 further can
provide a computer plot of Y (THETA) versus time as shown in figure 20.

The computer makes the following sets of calculations:

The first approximation for (See figure 20) is taken as a
half cycle for the period t1 through t2. The computer searches
the input data for these two points and takes the differences

9
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t at tl, assuming a, term is zero:

Cos(p -P) =o

S0 - assuming a, term is zero. Assume

The computer will interpolate from the input data to find the
ordinate values of points t 3 and t4. Then

,- 
(- Z -

Cqe

a2  - assume al term is zero

a1

f- rom equation (33)

Al
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These calculated values are printed out as toe initial estimates.
Since the first estimate assumed the term a, was zero and we now have
a value for this term, new estimates can be made.

,oLI (A,NLN) /

rt
L- IV,"--CY41

These values are printed out in the second (improved) estimates
along with the estimates of and *.made above.

The sGcvnnd estimates may not be adequate due to unsatisfactory mathe-
matical assumptions. The values of a1 and a2 can be estimated a third way
and used if they subsequently prove more accurate than 2nd Estimate va±ues.

a?

a1

-• - - Ld•'

These new, alternate, values of a1 and a are printed out as tho thir-i
estimate alonn with t,.p other printol values r +Ie second j.iiate.

"The values connuted above (firnt choice sh-uld be the second estimate
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output valuoq) may be used in program EC310, Curve Fitting Program along
with the data deck cards (T and THETA) from the impulse run on EB920 and
originally used as inputs to the subject program, EC330. This program,
EC310, will calculate and plot the values of y versus t from equation (33)
for the estimated coefficients. It will also plot the original impulse
data from EB920 as recorded on the punch card data. The first graphical
recording of these two curves will show whether a satisfactory agreement
of the equation (33) values (with newly estimated variables) and the
equations of motion data are adequate. Figure 20 shows excellent con-
vergence of these values.

If these curves do not overlay satisfactorily program EC310 may be
rernm with the convergence option. The variables of equation (33) are
optimized to convergence by Brown's routine. The function wll sometimes
converge and a new, satisfactory set of values ( 01, 1- , 6- , etc. ) will
be ca' culated. If convergence is not a.hieved, additional calculations
or intuitive estimates of closer values can be used. These can be resub-
mitted to EC310 for proof till convergence is reached.

2. INPUT DATA DECK

The input data consists principally of

a. Punched cards, cards of time and Theta from impulse run of
EB920, Submarine Simulation Program, punched at two-second
intervals.

b. Additional control data

The data deck format is given in table 19.

TABLE 19. INPUT DATA DECK, PROGRAM EC330

Card Column(s) Format Description

i 1-5 15 N, number of data points, Y(1)
from EB920 run (one per punched
card)

2 1-10 FaO.5 U, submarine speed, knots

2 11-18 2A4 NAME, the name of the dependent
variable, THETA

3-n 1-10 E15.7 THETA(I) values on punched
cards from EB920, radians

3-n 11-70 E15.7 T, time values on punched
cards from E920, seconds

n+l Blank card for normal end
of job
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3. OUTPUT DATA

The output data includes sequentially-.-numbered pages, each identified
as EC330. The following terms are printed:

U - submarine speed, knots

T(I) and THETA(I) - all the values of the impulse run of EB920 as
read by the card inputs to the subject program

A, B, G, P, Al, A2 - First estimates as described in equations
2 through 7 above.

A, B, G, P, Al, A2 - Improved estimates as noted in equations
8 through 11 above.

A, B, G, P, Al, A2 - Alteriate estimates for a1 and a 2 as descr: bed
in equations 12 and 13 above.

4. LISTINGS AND FLOW CHART

The listings anid flow chart for program EC330 are given in appendix A.
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L. E!31O, BROWN'2 CONVERGENCE AND COMPARATIVE PLOT PROGRAM

1. DESCRIPTION

This program has the option of calculating and plotting the curve of
impulse response in accordance with equation (24) or (33). It can, in
addition, calculate the difference at each time, ti, between a tabulated
EB920 run and the calculated values of an EC310 program run; set up a
series of non-linear equations that are the summations of partial deriv-
atives of either equation (24) and (33) times the difference between the
two ordinatl values at t.; and finally solve these non-linear equations
by Brown's e routine. T e values of•i , F $ W,0, PL ..I 6(3 are
optimized or converged by repeating the above solutions to limits within
desired difference values (usually .0001) of successive estimates within
the program. These converged values are then printed out along with
graphs of the final solution of equation (24) or equation (33) and the
ori~inal EB92C plot as in figure 21.

This program may have difficulties in convergence if eight variables
are used. In this case the values of ; and a3 are held fixed at initial
input values.

The equations utilized in Brown's routine are the summations of the
partial derivatives times the difference in Y (ordinate) values between
the calculated and tabulated conditions. These are included below for
clarity.

Let Ir" be the value of the tabulated points (E3920 values on the

punched data cards).

Assume the following function is to be fitted to the 'rata points:

J..- a - ÷,e :,ta'•*•e(U

where ", f, d : '. , "'" vJ-are to be determined by the. method of least
squares. The mean square error becomes

£'--I

Taking partial derivatives with respect to each parameter and equat-
ing to zero gives the following eight equations to be solved by Brown's
routine. The routine will recalculate this till the nth and (n-l)th term
agree to a preset number of significant digits (called NUMSIG in this
program).
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The following two values can be added to those for requested opti-
mizing, but usually will cause divergence rather than convergence:

S)~

Brown's routine then solves the above system of simultaneous, non-
linear equations. The algorithm used is quadratically convergent and
requires only ( r,'Lll 4 1 A-) function evaluations per iterative step as
compared with (n2 + n) evaluations for Newton's Method. This results in
a savings of computational effort for sufficiently complicated functions.
A detailed description of the general method atid proof of convergence are
included in reference 2. Basically the technique consists in expanding
the first equation in a Taylor series about the starting guess, retaining
only linear terms, equating to zero and solving for one variable, say xk,
as a linear combination of the remaining n-i variables. In the second
equation, xk is eliminated by replacing it with its linear representation
found abova, and again the process of expanding through linear terms,
equating to zero and solving for one variable in terms of the now remaining
n-2 variables is performed. One continues in this fashion, eliminating
one variable per equation, until for the nth equation, we are left with one
equation in one unknown. A single Newton step is now performed, followed
by back-substitution in the triangularized linear system generated for the
x 's. A pivoting effect is achieved by choosing for elimination at any
siep tbat variable having a partial derivative of largest absolute value.
The pivoting is done without physical interchange of rows or columns.
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The vector of initial guesses, X, the number of significant digits
desired, the maximum number of iterations to be used, and the number of
equaticns to be solved are input data. After execution of the procedure,
the vector x is the solution of the system (or best approximation thereto).
A printout that a Jacobian-related matrix was singular is indicative of the
process "blowing-up". If this occurs, try another initial estimate of
values:

This program can be used with either a rudder or elevator impulse.
To find frequencies of oscillation in response to a rudder (lateral)
impulse:

a, Run EB920 for the DR(lateral or rudder) impulse of desired mag-
nitude, producing punched cards of output phi ($) and time (t) as well as
printout data of dyriamic response.

b. Exercise EC320, Root Cracker Program, 3D, Lateral to determine
the roots of Equation (35), namely:

c. Using tha cards from EB920 and ,K , , and S from
EC320 as inputs, exercise program EC150, Time Response Coefficient Estimator,
Lateral. This program provides estimated values of several terms of the
lateral impulse equation:

((35)

where y represents bank angle, phi (0)

The values solved are:

al, a2, a3, and

d. Using the coefficients and roots of b. and c. above, and the
punch cards of EB20 of a. above, exercise program EC310. This program
plots the tabulated data of the punch cards (dotted curve similar to
figure 21) and the calculated response curve per equation 35 (solid curve
of figure 22). A printout of the calculated and tabulated data is pro-
vided,

To find frequencies of oscillation in response to an elevator (longi-
tudinal) impulse,

a. Run EB920, Submarine Simulation Program for the DS (longitudinal
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or elevator) impulse of desired magnitude. The program output will
supply a set of punched cards each carrying a value of theta (0) and
time (t) as well as the printout data of these same values. This data
is the true response of the submarine to an elevator impulse.

b. Using these cards as input data, exercise program EC330, Time
Response Coefficient Estimator, Longitudinal. This program provides
estimated values for the constants of the longitudinal impulse equations

where y represents pitch angle, theta (0)

The values solved are:

You may use the values ' , )% and ' provided through program
EC140, Root Cracker Prugram, 3D, Longitudinal.

c. Using these estimated roots and coefficients along with the
punch card data from EB20 noted in a. above as inputs, exercise program
EC310. This program provides a computer plot of the actual response
murve orovided through the punch cards of EB920 (4ntted curve of figure
21), t1- calculated response curve per equation (33)(solid curve of
figure 2T). A printout of the calculated and tabulated data is also
provided.

2. SUBROUTINE DESCRIPTIONS

PLOTS - plotting routine purchased from California Computer
for use with their plotter. They must be secured
from this company.

PLOT - plotting routine from Cal Comp, to start pen

FCNPLT - plot routine which labels axes, draws lines and symbols
and calls for other subroutines

SCALE - plot routine from Cal Comp for automatic scaling of
axes,

AXIS - plot routine from Cal Comp to produce axis

SYMBOL - plot routine from Cal Comp to produce letters and
numbers on graph

NUMBER - plot routine from Cal Comp to write a floating point
number from the program
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LINE - plot routine from Cal Comp that connects a series
of points

AUXFCN - this routine calculates the function of equations 1
or ? and prepares the matrix of equations (Eq's 5
through 12) for Brown's routine (also known as sub-
routine SYSTEM in this program). This subroutine
also calculates the magnitude of each of the equations
5 through 12.

SYSTEM - Brown's :outine which solves six or eight (usually
restrict the value to six in order to secure convergence)
simultaneous, non-linear equations.

3. INPUT DATA DECK

The input data to this program include the punch card data from the
particular impulse run on program EB920, cintrol data for Brown's routine,
plot control, and initial guesses or starting values of

C4,- longitudinal

i )QL /ý/ C lateral

These are identified in detail with their locations in table 20.

TABLE 20. INPUT DATA DECK, PROGOFAM EC310

Card Column(s) Format_ _ Description
1 1-5 15 N, number of equations to be

used
N - 6 for longitudinal
N 6 or 8 for lateral (8 will

seldom converge, so 6 is
recommended)

I 6-10 15 NUMSIG, number of significant
digits of agreement between
successive iterates which will
cause convergence cy the program
This value has been set at h
for work on this program.

1 11-15 I5 MAXIT, maximum number of
iterations to be performed by
Brown's routine.

1 16-20 15 IPRINT, will print out all
iterations of values, up to
MAXIT above if set to 1. iPRIPN

"0 will print only first and
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TABLE 20. INPUT DATA DECK, PROGRAM EC310 (cont.)

Card Colunm(s) Format Description

last values of values calculated

1 21-25 15 NPTS, number of data prints.
This is the number of data
cards from EB920.

1 26-30 I5 ISWI s 1 - will calculate
and print the equations (1 or
2) at the initial guess.

ISWI = 0 - will attempt to
converge for better values of

•' ,(,g 1 'K•.) ' with Brown's
routine and calculate equations
1 or 2 for the converged values.

1 31-35 15 IMLOT = 1 - will plot the tabu-
lated and calculated data
IPLOr a 0 - no plot

2 1-10 F10.5 U, forward speed, knots

2 11-18 2A4  IY, word "PHI" for lateral
case word "THETA" for longi-
tudinal case

3-n 1-15 E15.7 Y(I), values of dependent
variable (phi or theta) from
cards of EB920 run, I a NPTS

3-n 16-30 EW5.7 T(I), values of independent
variable Wt) from cards of
E 20.

u+l 1-80 8F10.5 A$ B, 0, P, Al, A2, D, A3

initial estimates of unknowns
of equations 1 or 2.

MO- Blank card for normal end of
job.

4. OUTPUT DATA

Printout Detai

a. rutaut values - The printout across the pare will include
columns oft
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~N ~time through Brown's .-outine - 0 " initial estivate

b. Value of partial derivatives of equation 1 at convergence in a
row of the following order:

c. Converged, or final values of calculated terms in a row in
following order:

d. Columns of time (T), and the calculated and tabulated values of

Y(I) in the following order:

T YE YT

Graphical Data:

If the CAL COMP subroutines are available a plot as shown in figure 21
can be produced.

5. LISTINGS AND FLOW CHART

The listings and flow chart for program EC310 are given in appendix A.
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M. EC790. CALCULATION OF COMPACT COEFFICIENTS

1. DESCRIPTION

Program EB920, Submarine Simulation Program, was written to provide
a flexible, analytical tool for examining submarine performance with a
number of optional devices of submarine control, program control and
graphical as well as printed output. To provide the computer control
necessary for a submarine training device, the many optional controls and
outputs of EB920 are not required; a number of the coefficients and constants
can be combined to require fewer multiplications and other operations; and
a much smaller computer can be used. This program uses the normal input
coefficients, submarine physical constants, and control values of program
EB920 and the exact input data deck from an EB20 run may be used. The
program then combines a number of coefficients, multiplies and divides
them by the appropriate constants. This program thus, takes data identical
to that for a scientific run with program EB20; combines coefficients and
multiplies by constants, prints the original and combined coefficients
separately; and finally punches data cards for input to program EC180
compact submarine simulation program when it has been compiled on a small
computer. Use of this smaller computer demonstrates that a much smaller
machine (6K core) can provide adequate storage for real time control of an
actual training device.

Equation group number (36) showthe mathematical operations performed
on the original coefficients and constants used for the inputs to program
EB920. The primed values on the right side of the equation are identical to
those used in EB920 and are defined in the glossary. The unprimed values
on the left side of the equation are repeated as FORTRAN variables used
by program EC790 and EC780.

2. INPtr DATA DECK

The program requires data inrut exactly as required by program E3920.
All units coefficients, and constants, etc., as used in an EB920 run are
identical. This innut data deck assembly and use has been described in
that nrogram.

Since EC780, which will use the output deck from this program, cannot
perform many of the operation of EB20, some of the data normally required
in EB920 runs can be left blank in the proper punch locations on the data
deck if desired. However, all cardR required by E3920, even if completely
blank, must be present as inout to this program.

3. OUTPUT DATA

Two data sheets are printed by this program. The first one is
identical to fisure of program £3920 and shows the orivinal coefficients
present on the inout data deck. The second one is orinted out in the same
format but the values of thse coefficients to be used by prorram ECM-0
are printed instead. The other coefficients that were not modified in
this program are printed on this sa-e page, but are not used further.
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Coefficient Description (EC780) (36)
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ANPD' t~' Q'N

NP 2.

? fo

ANV' I N2 rN T~

~NN/V' N' I' ~N
ArI, ff A~T6

ANVV 'S I .N * T6

112



NAVTRADEVCEN 68-C-0050-2

This program also punches the newly calculated, modified coefficients
on data cards for direct use in EC780, Compact Submarine Simulation Program.
This data is punched in 6E.3.6 format on the data cards. The terms are
identified in table 21.

TAELE 21. OUTPUT DECK FORMAT, EC790

Card Variables

1 XDRDR, )DSDS, XDBDB, All

2 A12, A13, A21, A22, A23, A31

3 A32 ,A33, XUD, YR

4 YRD, YPD, YP, YV., YVAB, YDR

5 YVD, ZQ, ZQD, ZRR

6 ZVR, ZSTR, ZW, ZWAW, ZVV, ZDS

7 ZDB, Z11D, AKRD, AKP, AKV

8 AKV, AKVAV, AKPD, AMRP, AMRR

9 AMWD, AMVR, AMQ, AMAWQ, AM5TR, AMW

10 A14'JAW, AMVV, AMDS, AMDB, AMQD

11 ANPQ, ANPD, ANVD, ANP, ANR, ANV

12 ANVAV, ANDR, ANRD, DRMAX, ETAHI

13 ETALO, U, C?, XG, ZG, AL

14 AM, DR, DS, JB, ZB, UC

15 TIM, Ri, DELTMA, SWMAX, R2, DELTMI

16 DSF, 3RF, Y(l), Y(?), (3), Y(•)
Y(55, Y(ý), Y(7), Y(6),j (9), Y(10),
Y(1), Y(12)

4. LISTIFOS AND FLOW CHART

The listings and flow chart for program EC790 are given in anpendix A.
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N. EC780, COMPACT SUBMARINE SIMULATION PROGRAM

1. DESCRIPTION

This program is a limited, modified version of EB92O, Submarine
Simulation Program. It will provide all output data in accordance
with the equations of motion. A number of types of preplanned submarine
maneuvers have been included for testing the program. This program has
been modified from EB9?O by utilizing a number "synthetic coefficients"
which were calculated in program EC790, Calculation of Compact Coefficients.
These synthetic coefficients are the normal coefficients from the equations
of motion (as used directly in program EB920) that have been combined and
multiplied by appropriate constants in this separate program rather than
the simulation program. These now coefficients, along with the removal of
a number of options from the scientific research program, EB920, allow this
program, EC780, to solve the equations of motion with fewer operations and
much less core.

This program operates with the modified coefficients from program
EC790. The specific mathematical mnodel is therefore somewhat different
from that described in Reference 1 and usec in program EB920, and are
given in equations (37) through (42).

Coefficient terms used above are defined in the associated input data
program, EC790.

2. SUBROUTINE DESCRIPTIONS

CONTR - This subroutine allows control of submarine motion by
programed movement of elevators and/or rudder. This
allows selection of the various maneuvers:

a. Steady dive, turn, or combination
b. Meander or overshoot
c. Flat turn with autopilot
d. Climbing turn, combination of a programed turn

and meander or overshoot
e. .S or elevator impulse (no punched cards are pre-

pared by the comouter as in this maneuver with
program EB923) with autopilot

f. DR or rudder impulse (no punched cards)
g. Acceleration/deceleration
h. Maximum acceleration/deceleration

These controls function and are input exactlyv as in
proeram E9920, 3o reference is made to this program
for detailed information.

UPDATE This subroutine sets the propeller thrust constants,
ai bi, ci in accordance with the current value of

; ( UA< / U, ). It solves the equations of motion
at each updated time increment, H. These values, t, &,
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".W, •, , �i, with kinematics, 4 , ' , , and
x, y, and I are then integrated over the tie interval,
H. These new values returned to the main program for
possible printout, and the old derivative values re-
placed by the new values each pass through the subroutine.

3. INPUT DATA DECK

The input data consists of two special control cards plus the punch
card output data deck from EC790, Calculation of Compact Coefficients.
The inputs to that program are exactly as for inputs to EB920 with the
exception that values for terms not used may be left blank. The subject
program is set up so that an input data deck that had been used for a
particular run on EB920 can be used for input to EC790 and the output
cards of EC790 used with the two special control cards as the input data
deck for the subject program, EC780. The data deck format for this
program is given in table 22.

TABLE 22. INPUT DATA DECK, PROGRAM EC780

Card Column(s) Format Description

1 1-5 IS IRUN, run number

1 6-10 IS NPNT, calculated values will
printout each NPNT integration
cycle (If H = .25 seconds, and
NPNT a 8, printout interval is
NPNT x H = 2 seconds)

1 11-15 IS NS. This variable selects the
type of submarine control in
CONTR subroutine:
NS 0 0, Fixed controls per
initial conditions
NS 2 i, )vershoot, meander, etc
NS " 2, Special climbing term
NS 2 3, Flat turn (with auto-
pilot)
NS : 4, Elevator impulse
NS •5, Rudder impulse (with
autopilc t)
NS : 6, Acceleration/decelera-
tion (with autopilot)
NS : 7, Maximum acceleraticin/
deceleration (with autopilot)
(Mtails of these controls are
in E8920 write up)

2 11-20 P1O.5 H, integration time increment,
seconds. This steo site is
used throughout the entire run.
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TABLE 22. INPUT DATA DECK, PROGRAM EC780 (cont.)

Card Column(s) Format Description

2 21-30 F10.5 TLIM, time at the end of the
run, seconds.

3-18 1-78 6E13.6 Punch card data from EC790,
Calculation of compact coef-
ficients. Table defines the
variables punched on these
cards.

19 Blank card for normal end of
job.

4. OUTPUT DATA

A sample output data sheet from this program (using trial or syn-
thetic input coefficients from EC790) is shown in figure 23. The run
number and control routine value NS are provided in the first line of
data. Then, at the desired intervals of time, the calculated values
(and time) from the solutions to the equations of motion are printed
(u, v, W, p, q, ), Q, W , 0, X, y, Z, and t).

5. COMPUTER RUN TIME

For the SDS Sigma 2 computer, cycle and add time is 2.25 microseconds.
The subject programs required 0.2 seconds for complete integration period
with no I/0.

6. LISTINGS AND FLOW CHART

The program is written in basic FORTRAN, primarily for use on an SDS,
Sigma 2 or othar small computera. It is a streamlined version of program
MB20, and has overated on the IBM '60/I1,n mvmputer. It is not intended
for normal use on this larger computer as the input has been tailored
for card-reader input and eighty-column typewriter output available on
the Sigma 2. The listings and flow chart are given in appendix A.
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0. MC572 - WAVE GENERATOR

1. DESCRIPTION

Program EC572, Wage Generator Program, was written to provide a
means of generating a random oceas. wave surface at one point in time.
It can be used with the Submarine Simulation Program to affect submarine
motion close to the surface; but at present the outputs are only a
choice of printed points, a graph plotted against time, or points and
time punched on cards for PSD analysis. The program uses a mathematical
model developed in "Mathemattcal Generation of a Realistic Sea", Hydro-
autics, Inc. Technical Report O01-13 (DDC # AD 609906)3 prepared for the
Bureau of Ships in October 1963. However, the wave spectra used is not
the standard Neumapn used in the report, but the more up-t-caate Pierson-
Moskowitz spectra. This spectra has the equations

A U

A• wave spectra

W m frequency

[j Z gravity

U; * wind speed

The program first determines the frequency points at which the
area under A I (w) can be divided into equal sections. This is done in
closed form by integrating A"(w) and finding the area between two
limits.

A ** 11. 41U K

'A

The total area In divided into the number of specified bands and
the program solve& for the upper limit of the expression to rive this
value. This value is then used as a lover limit for the next value until
R is reached. The series of frequencies are stored. The orogram
then calls a random number generator in the system library to generate
enough random numbers 4 between zero and 2t?'T for use in the expression
below.

Thesurface amplitude is then calculated by means of the exnression
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1.'I *.PI

-(hen aCt C- 0.9058
r, • i -0.43305

(t- o.53254

B 2. L~~I~i C

171-

U is the sneed in knots

Develovment of this equation is covered in the reference 3. The
rest of the program consists of control for inputs, outputs, error
messages, and times the progr',.m is to be run.

2. SUBROUTINE DESCRIPTIOKS

The CAL CON subroutines must be supplied by the operating system if
plots are desired. They are

LIOTS LINE .;CALi IHEX
INIT PLOT AXIS

Their function is described in program ZC310. Other subroutines
needed are

RANDM Random number generator. Returns a floating
point fraction between 0 and 1.

UIP
ALOG
SQRT Standard FORTP.'-, calls
003
EXIT

3. INPUT DATA DECK

The inout data deck format is given in table 23.
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TABLE 23. INPUT DATA DECK, PROGRAM EC572

Card Column(s) Format Description

1 1-5 I5 NBAND - Number of energy bands
in spectrum

6-10 15 NT - Number of times points
are to be calculated (time)

11-15 I5 NPLT - 0 = No Plot, 1 a Plot

16-20 15 NPCH - 0 = No Card Output,
1- Card Output

21-30 FlO.5 A - Lower frequency limit
(radians)

31-40 FIO.5 B - Upper frequency limit
(radians)

41-50 110.5 Dr - Seconds between each
time of calculation

2 1-80 8F10.8 VI - Th? speed (U) at which
the program is to be run. Any
number of speeds up to eight
can be used. Program will cal-
culate only the number on this
card.

4. OUTPUT DATA

a. Printqd NBAND number of energy bands in spectrum
NT number of points
NFLT plot control
NPCH punch control
A lower frequency lifrLt
B upper frequency limit
DT time interval
V wind velocity, knots
U wind velocity, ft/sec.
GOU g/U
FACT1 8.1 x l0-3UL

•.96•-

FACT? -0.74(g/U)L
YO area below lower limit
AY area below unper limit
AREA area between limits
AR area in energy ba d
xi g/U(-0.74/ln YO))l
Y1 frequency limit of each band (XI.FACTl)

1??
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YO area below each frequency band limit
TT time
TSUM

b. Plotted. The graph given in figure 24 is an example of the plotted
output with

IWBAND 10
NT = 400
NPLT z I
NPCH 0
A a 0.2
B 1.8
DT 1.0
U 23.7 kts. (40 ft/sec.)

If CALCOMW plotter software is not available, the plotting calls
must either be removed from the source deck or & dummy subroutine deck
must be used.

-J

tSA

r/mi° - $"¢oND,!

Figure 23. Typical 'Wave Generator Output
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c. Cards. If NPCH is set equal to 1, a card deck is punched with
identifying data on the first card followed by cards with the card number
and value of T(t) in a 15, 5x, FIO.4 format. This output is for use in
a PSD program.

d. A number of error messages and plot instructions are printed out
on the computer operator's console to assist in running the program. If
some other device number is used at another installation, the correct one
will have to be used.

Device Number Device

1 Card Reader
3 Line Printer
2 Card Punch

15 Opeator's Typewriter

5. LISTINGS AND FLOW CHART

The listings and flow chart for program EC572 are given in appendix A.
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APPENDIX A
FROGRAMING LISTINGS AND FLOW CHARTS

This appendix contains the listings and flow charts for each of
the computer programs described in this report. The page number for
the start of each program is given in table 24.

TABLE 24. PROGRAM LISTINGS PAGE NUMBER

Program Page Program Page Progra, _Page Program Page

EB920 127 ZC300 235 FU320 277 EC790 315
ZC790 193 ZC690 24o0 EC50 283 EC780 328
EC470 226 zc691 244 EC330 287 EC572 353
ECL43O 231 ECl4O 2I48 E310 [294&

The programs are written in FORTRAN IV and should run on any
computer equiped with this complier. The higher level faatures of
this language are not used and its programs are written to be as
machine independent as possible, Each subroutine starts on a new
page and the total program listing is followed by flow charts for
that program.

The flow charts were generated from the FORTRAN listings. The
program number, subroutine name, and page number of the flow chart
are listed at the top of each page. The page number is used to
connect the various charts together. Each input and output is labled
with a decimal number. The number to the left of the decimal point
is the page number (upper right-hand corner) of the connection and
the right-hand part gives the box number on that page. Subroutine
calls are given in the subroutine box in the same manner. All flow
chart symbols are convential.
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IIJOB ER9920
1/ EXEC FFORTRAN

DIMENSION Y(131. TII'12)
DIMENSION SAVE(300916)9 ILOC(16), BUFF(3000)
REAL IX9IYI 7,IXY,!XZ,!Y1

C,
COMMON H, HMAX, HMIN, OH, FCT, TI, NGS, N, S19 NPNT

C
COMMON TLIM9 RHOL?, P1H0L3, RHOL49 RHOL5v WMB, ETA, ETAMI, [SW2

r
COMMON XQQ, XRR, XRP, XUO, XVR ,XWQ, X~iU, XVV,
I xww, xO)RnR, xnoSS XDBOR, XVVE, XWWF, xDnflRE, XDSnSE

C
COMMON YRn, YPO, YPAP, YPQ, YQR, YvT) YVQ, YWP,
1 YWR, YR, VP, VAPOR, YVAR, YSTP, YV, VVAV9

7YVwvW VOR, YRF, YVF, YVAVE, YORE
r

COMMON ZOO, ZPP, 7RR, ZRP, zwO, ZVR, ZVP, 10,
1 ZAQns, ZWAQ, ZSTR, ZW, ZWAW, lAW, ZWW, ZVV,

2 znLS, ztRF, zQE, zwE, ZWAWF, 70SF
C

COMMON AKPD, AKRO, AKOR, AKPO, AKPAP, AKP, AKR, AKVD,
I AKVQ, AKWP, AKWR, AKSTR, AKV, AKVAV, AKVW, AKOR,

AKS;TRF
C

COMMON AMOD, AMPP, AmPR, AMRP, A'40AQ, Amwn, AMVRv AMVP,
I AMO, AMAQOS, AMAWO, AMSTR, AMW, AMWAW, AMAW, AMWW,
2 AMVV, AMOS, AMns, AMQE, AMWF, AMWAWE, AMnsE

COMMON ANRO, ANPO, ANPQ, ANOR, ANRAR, ANVn, ANWR, ANWP,
1 ANVO, ANP, ANP, ANAROR, ANAVR, ANSTR, ANy, ANVAV,

ANVW, ANOR, ANRE, ANVF, ANVAVF, ANDRE

COMMON IX, IV, 179 [XV, YXZ, TV?
C

COMMON CW, C9, UC, Xli, Ya, ZR

COMMON DR, OS, nR, RHO, AL, AM
C.

COMMON OR)MAX, ETAHI, FTALf1, All, Al?, 41-4

COMMON A?I, A77, A239 A31t A32, A13

r

COMMON y
r

COfMMON TIME. Rio OFITNA, SWMAXt P?q nFITMI, nsFq nor, ICYC, NSt
I INTSW

IPT - 3.0l9
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TOPEN = 0
N = I?

46 CONTINUE
CALL INPUT
IF(IPL0T)48950,48

48 IF(!OPEN) 50949,90
49 CALL PiH1TS(SUFF, 12000, 7)

TOPEN =I
ci0 CONTINUF

NLOC= 16

TOUT=
L INSPP=50
LINS=9R
I PAGE=1
WRITE( IOUT.?4) IPAr(F
ICNT =NPNT

ICNT? =NPLT

C COMPUTE RHO * L cnNs,ýANTS

RHOH =RHO **
RHCL2 RHOH- AL * AL
RHOL3 =RHrlt? *AL

PHOL4 =PHflL3 * L
Rt-4L5 RHOL4 *AL

C WRITF OUT HYDRODYNANIIC COEFFICIFNTS
c

WRITF~infUT,ll XQQ, vYfl, 7QV, AKPn, AMQn, ANRnY xpp, ypfl, Zpp,
I AKRO, AMPP, ANPn, XRP, YPAP, 7RR, AKQR, ANIRRI ANPQ, XIJO,
IVPQ, IRP, AKPO, AMRP, ANOP, XVQ, YQR, 7wfl, AKEOAn, Amr)AQ,

3 ANRAR, XWQ, YVr), ZVP, AKP, AMW!J, ANVD
I FORMAT(IH IXQQI,4X,F12.9,' YpO'9,4X,El2.;,' 7Qfl',4X,rl2.5,
I' KPrl',4X,F12.5,' mfQD'94X,F12.5,t NRn',4X,F12.9i/IH,
2lXRR',4X,Fj2.5,' ypfl',4X,FI?.5,1 7pPq,4X,E12.S,l KPf)',4X,
3F12.5,' NIPP',4X,FI).S,l NPDI,4X,El?.S/1'-,

';FTZ.5,' NIRRl,4X,rl2.ri,, NPQ',4'(,F12.-5/IH,

1 AMVP, ANW, EVV,' YwQ'q 70. AK2l,1 AI4Pl,4r1.. ANUP4

7F12.'5,#MPX,F 12,5,' NMV ,4X,F1?.SIH ,
qlXVVf,4XF1?.S,' YWPvX~l., Z 70' .X,FlZ.S,* KPfl',lX,

WR ITF ( MUT . I) XWW, YWR, ?VPO, AKVQ, AQ NCx~fP
IZWAOV, ANWR, &'4Vfl, ANP Z, Xlv1, YMP, ANWP. KQ ~wAO
It~C4 YAQOP,(I fZtlW,4XST,FI2.S,*, ANAROREVVFY1 VAR, 7WA,FI2

KR'tS~t12.1iv
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1AMW, ANAVR,XWWEYSTPZAWAKVAVAPMWAWANSTR
2 FORMAT(IH v'XWW1*4XqEI?.5,' YWR',4XtE12.5,' ZA0ODS'2XtEI2.5,
1' KVQ',4XtF12.5,' MQ't6;X9E12.5q# NVO$94XF12.15/IH,
21XORD)P',2XEI2.5,1 YR',5X,E12.5,0 ZWAQ',3XvF12.S,' KWP',4X,
3E12.5,1 MAODSt,2X,F12*5,1 NPit5X,E12.5/lH
41 XTSDS1 p2X,E12.'5.1 YPI5rX,E 12.50 ZSTR4,3X,EI?.591 KWq ,4X 9
5Fl2.5,' MAWO',3X,E12.5,' NP*,5X,E12.5/IHq
6'XDBDF91,2X9F12.5,' YARflR',2X,E12.5,' ZW',SX,El?.5,' KSTR',3X,
7F12.5,1 MSTP',!X,F12.5,' NA~rOR'92XE12./I1H
89XVVE',3XF12.5,' YVAR,3X,F12.5,' ZWAWI,3X,F12*5,' Ky' ,5X,
9F12.5,' MW",5X,E12.5,9 NAVR',3XtEl7.511H
A'XWWEv3XE12.5,' YSTR1, 3XqF12.5j,9 ZAWvq4XtE12.5,' KVAVI,3X,
BE12.5,' MWAW',3XvF12.5,1 NSTP',3XF12.5)
WRITEt !fUT,?2) xflRDRE, YV, 7WW9
IAKVW, AMAW, ANy, XOSDSF, YVAV, ZVV, AKflR, A'4WW, ANVAV
2' ORMAT(IH #'XORDRE1,1X,F12.591 YV',O(,E12.9,1 ZWWI,4XtF12.5,t
11 KVW',4X,F12.5,' MAW',4XF12.59' NV',5X,F12.5/IH
?'XDSDSFI,lX,EI2.5,' YVAV',3X,F12.5,0 ZVV' ,4X,E12.15, KflR@,4X,
!F12,50' MWW't4X,F12.5,' NVAV',l^',E12.5)
WRITE flUT, 3 ) YVW, Zr)S, AKSTRE, AMVV9 ANVW, YOR,
1?DB, AMOS, ANDR, YRE, ZQF, AMOS, ANRE, YVE, ZWE, A'40E,
?ANVE, YVAVF, 7WAWF, AMWF, ANVAVE, YORE, ZnSEt AMWAWF, ANDRE, AMCOSE

I PFORMAT(IH * lqx, 4YVWv,4XtEl2.5,' ZrflV,4XEl2.5,
11 KSTRE',2XEl2.5,1  MVV',4X9Fl2.5,' NVWI,4XEI2.5/lH
219X, IYDP',4X,F12.5,0 ZDR',4X,F12.r5,21X,,
3' MDS',4X,Fl2.5,1 NflR@,4X,E12.5/IH,
419X, * YRF1 ,4XtFlZ.59' ?QEw,4XtFI7.5,?lX,

7' NVF'.14X,F12.5/IH , IQX,' YVAVF',2XFI2.5,' ZWAWF,92XEl2.'5,
Q?IX,' MWF',4XE12.r),' NVAVE',?XEI2.'5/IH IQ'<,'* YlQEI,34X,

9 F12.5.,1 ?DeFE',3X,FI2.'i,71X,9 MWAWE',2XFl2.9,0 NO)RE',3X.
A E12.5,/IH 8~4Xq'mOSE@v3XFl2.5//)

I ZB, [)Rq OS, DFA, UHfl, AL, AM
4 FORMAT(IH 9'IX'*SX,E12.S,' IY'99XEl2.5t* 171,SX,F1?.5,
I@ IXYI,4X9Fl2.5,' IXY'94X,Fl?.Stt IYZ*,4X9Fj2.SllH

WRITFf IOLJT9 I All, A?l, All , PP#4AX, FTAHI , F-TAti), Al2, A7?, A37,
1 XG, Yr,, M., All, A71, A-41
2, HoIN TSW, T IME, pI., nFlLY4A , SW'dAX, Q7, flFLTm4T. nrt, flRF, I rYC, '45

it flp4AX ,?XEI?.Sj1 FTAH'41'?XtFl?.'i,' FTALf",2XFl?.'5I

41H 1A1A1#4X*Fl?.,9,, A7'?',4XqVJ?.'5, A3*4,1.-

''t H4*4'E12I.5.' INTSW1*2E,1)/
AIM *'Tl'4F'AX9F1?.99' 91,X,1.', flELTA* IX FIx r1.S Isw%4AX 9
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WRITFIIOUT,5) IRUN
5 FORMATIH ,'RUN NOl 19 f9/)

C COM"PUTE W-8

WMB=CW-CR
TSI = (
TSW2 = 0
IF(INTSW )60, 67,6?

60 INTSW = I
62 iFf INTSW-3)66,66,64
64 INTSW = 1
66 INTGSW1l

G0 TO 4
67 INTGSW=O
4 CONTINUE

I F( INTl-5W l69,6P,6-9
64 CALL KI.JTTA(V)

GO TO 79
69 CALL !NTEG(YINTSW)
79~ CONT I NIF

C
C SAVF VAL1JPS FOR PLOTS IF MPOT I

I F I PLnT Iq, 12 1Q
CONTINUE

r
C IF ARRAY FOLL flCNT PVFPUN

IFtK-10O) 63,12,12
61 CnNTIN!IF

IF (NPLT'-ICNT2) r-2, 57,91
'52 ICNT? - 0

C SAVE TIMF
SAVF(tl) = Yf1 1)

r 'SAVF U
'ýAMEK.2) -Yf1)

r SAVIF V
SAVF(Koll) Y(71

Ir SAVE W
SAVF(K,4) -

r. S4VF P
SAVE(K'5) YI'4)

C SAVE(tS a0(I
r *AVEI% a

SAVE(K#?) w Vt!,)
r SAVE T14FTA

S.AVFIK,4) v Yl7)

r %AVE PSI
CSAVFIK,ql aVIA)

C ftAVF PHI
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r SAVE X
SAVEIK,11) =Y(10)

C SAVE Y
SAVE(K,121 Yf 11)

C SAVE Z
SAVE(K,111 Y(12)

C SAVE DR
SAVEIK,14) =DR

C SAVE flS
SAVF(K,15) = S

C SAVE DR
SAVE (Ki16) v ns

sti TCNT2 - rCPJT2 + 1
1,2 CnNT!N(UF

IF(NPNT-1CN~T) 16916t17
16 ICNT m 0

IF(CLINSPP-1!NS12o,0,2
0020 LINS=O

IPAGE2 PAGE.1
WRITE(IflUr,?4JIPAGF

')4 FOM~I17,EqO$3)i'UMRN 
SIMULATAN4,45X,IP4rEl#!9/,)

WR ITE IDUTt251
25 FOR4AT!H ,QX,IU',16X9'V' ,l6Xt'W' ,16xflp',16xoooQ',16Xv@RtI 14X,'THFTA'/9X, 'PSrfvl4X9.PHrwliXIX,.16XwY#9Idý,Z'l

6 XOTl

10 CONTINUE

C IF VARI ABLE CTFP SIZF NOT PFING USFFO DONT Pp!rNT Hr
IF(r:'H)7o,?72,70

70 WRrTFUIeUT,Io) tY(I)vl=1,13),H
MO Tn 74

10 FED ATtlHO,72XF13.6,2X)hlH .7f2X,F1l.6,.'X~)
74¶ CONTIMIF

LINS=LT iS45!
17 ICNT = CNT + I

JFIABS(Yh13)-TL M)Hll5n~c
15 CONTINiUw

IF( IP~rIT) 4C,46h,40
41~ CALL PL~m~Fxln,~~,TIJ

GO TO 46
END
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SUBROUTINF INPUT
nIMENSTON Y113), T1112)9 11Oct1,6), YHOLDEII), COM(?191
EQUJIVALENCF tCnm(l)gH)
REAL I X,IY,! Z, lXvIX?,1YI

C
COMMON H, HMAX, HMIN, OH, FCT, TL, NGS, NtT, Iq NPNT

C
COMMON TLIM, RHML, RHOL-49 RHOL4, RHOL5, WMB, ETA, ETAMI, 15W?

COMMON XQQ, XRR, XQ',l X00, XVP ,xwQ, XUl), xvv,
I XWW, XD0DR, XOSDS, XDBDP., XVVF-, XWWF, XnPn)RF, XOSnSF

COMMOnN VRD, YPD, YPAP, YPQ, YOR, YV0, YVO, YWP,
YWR, YP , VP, YARPn YVAR , YSTR , YV, YVAVq

? YVW, YDR, YRF, YVF, YVAVF, YD~r

COMMON zor, 7PP9 ZRP, 7RP, ZWD, ZVR, 7VP, 70,
1 ZAQOS, ZWAQ, 7STR, 7W, 7WAW, 7AW, ZWW, 7Vy,
2 ZOS, ZOP,, 70E, ZWF, 7WAWE, 71)SF

COCMMON AKPr), AKRn, AKOR, AKPQ, AKPAP, AKP, AKR, M(VD,
I AKVQ, AKWP, AKIWP, AKSTR, AKV, !AKVAV, fKVW, AKDR.

7 AK S TRF
r

CfV4MON A.MOn, AMPP, AMRR, AMRP, AMQAQ, A*AWn, AMVP, AMVP,
I AMQ, AMAQns, AmAWQ, AMSTR, AMW, AMWAW, AMAW, t&MWW,
? AMVV, AMOS, AmOP, AM¶OF, AMWF, AMWAWF, AMnSE

COMMON AMROq ANPn, ANPQ9 ANJQR, ANRAR, A!IVI, ANWP, ANWP,
I ~ANVQ, AN0, ANP, AN'AofR, ANAVR, ANSTPAR , ANVAV,

ANVW, ANOP, ANOF, ANVF, ANVAVF, W)NPr

r
COMMONj X, n-,, oq, oXY, AL?, AM

r
COMMOIN ORma, OS, H, FT0 All, AM 2 l

c
rCmmrN RAY, 4229A71, FA31l, A-42, A-.?,- i*

COnmmoN xr., YrG, 7r,

C~ommON hOCr, IDIOT, 1011N, IOPFN, NPLT,Tl'PT

CCMMON V

COW40ON T1~4F, Q1, 'nFLTMA9 SWmAX, Q7, nFLTMI, nSF tF, TCVC., NS,,
I TNTFW

I Ft I n o )'O' I 0 1 ;
'i CONTlNUr.
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READ(INJ,50) NGS, NPNT, IPLOT, IRUN, NPL-Tv IOPT, ICYC, NSINTSW
IF( IPUN)70,60,70

60 IF(IOPFN) 62964,62
62 CALL PLaT(5*0,0.0,999)
64 CONT I NtJ

CALL EXIT
70 CONTINUE

READ(~tN50) (ILCIC(I)v I = 1, 16)
50 FORMAT(1615)

READ(IN, 00) TO, HO, OHHMAX HM INFCTTL IN
H = HO

100 FORMAT(RIO.5)
READ (IN 9100) (TfI.)MI=1,12)
READ( TN,100NY( 1), 1-1,12)
Y(13)= TO

C
PEADtIN,100) XQQ, XRR, XRP, XUD, XVR ,XWQ, XJUp XVV,

IXWW, XnRDR, XDSDS, XDBOR, XVVF, XWWE, XtDRnRE, XDSO)SE

READIIN,100) YRD, Ypn, YPAP, YPQ, VOR, YVn, YVQ, YWP,
IYWR, YRf VP. OP YVAR, YSTR, YV, VVAV,

2 YVW, VOR, ý'RF, ''VF, YVAVF, YDRF
r

READ(IN,100) ZOO, Zpp, ZRR, 7RP. ZWD, ZVR, ZVP, 70,
1 ZAQDS, lWAr), ZSTRI ZW, ZWAW, 7AW, ZWW, ZVV,
2 70S, ZDR, lOF, ZWE, ZWAWE, ZDSF

REAn(IN,100) AKPD, AKRn, AKQR, AKPQ, AKPAP, AKP, AKR, AKVD,
I AKVQ, AKWP, AKWP, AKSTR, AKV, AKVAV, AKVW, AKfOR,

2 AKISTRF

REAn(IN,lOO) AMON, AMPP, AMRP, AM4RP, A'4QAQ, AMWO, A'4VR, AMVP,
AMO, AMAQDS, AMAWO, AMSTR, AMW, AMWAW, AMAW, AMWWt
AMVV, AMO)S, AMnP, AM4OE, ANIWE, AMWAWF, Amn.SF

READ(TN,1001 ANRn, ANPO, ANPO, ANOR, ANRAQ, ANVr), ANWR, ANWP,
ANVO, ANP, ANP, ANARnP., ANAVQ, ANSTR, ANy, ANVAV,

2 ANVW, ANflR, ANPE, ANVE, ANVAVc, ANnRF
r

RFAnt IN, 100) TX, TY, TZ, IXY, TX7, IV?

READ(IN,100) CW, CS~, ur, XS, Y9, 73

RFAntIN,100) OR, OS, ng, RHO, AL, AM4

RFAn (IN,IQO) OnhmAX, ETAHI, FTALn, All, All, All

PF:AD(IN9100) A2T, A72, A?lt All* A37, A33
r

RFAOUIN,10O) Xr,, Yr.. ?G
r

REAn(IN,100) TIMPF, PI, nFITMA, SWbtAX, R?, ')FLTMT, flSF, nOF
r
C cP4VF INITIAL CflNOITInNS Fflu PflSS!IRLF RFvjTfRF
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D0 110 1=1, 13
YHOLDM!= Y('I

110 CONTINUE
c
C SAVF Dp,flsPP FnR POSSIRLE RFSTORE
r

ORHCLO = DR
nSHCLC nS
DBHOLD = DR
RFTURN

150 CONTINUE

C RESTflRE INITIAL VALUjES

Do 15'1 It ,11
Y(J) = YHOLP(I)

15? CONTINUEF

C RESTORE I N IT IAL nR,07, OR, H
r

DP = ORHOLn
rS = nsHOLD
OB = DFRHnLr
H =Hrl

REA()(IN,1691 TRUN
IF( IRUN) 1515,05t 195

155 CONTINUE
160 READ(IN,165) NDEX, VALUE
165 FORMAT!IT5,5XFlO.ri)

IF(NDEX)190, 17O,lPCO
170 RETURN
140 COM(NDFX) = VALUF

r.O TO 16n
F NO

114.
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SUBROUTINE KUTTAIY)
DIMENSION Y(I), Ff12), Y711319 0(12), TLfl2)
COMMON H, HMAX, HMIN, flH, FCT, TL, NGS, N, IS)
IF( ISI112,1,2

1 M N+ I
K 0
Isi = I
DH4 = OH* DH * nH * nH
CALL FVAL tV,F)
RETURN

2 DC 3 1 1,N
Y2( 1) Y( VI) e S5*H*F(T)

3 (1) =Ff1)

Y2 IM) = YfM) e .5*H
CALL EVALtY2,F)
DO 4 1 =1,N
Y2(11) =VI) + .5*H*FfT)

4 0(l) QUI) + Ff1) + FU')
CALL EVALIY2,F)
DO 5 1 =1,N
V?f1) Y(I) + H * Ff1)

5 Gi!) =Q(1) + F(IT + Ffl)
Y2(M) VIM) +. H
CALL EVAL fV2,F)
DO 6 1 = ,N
Y2(I) Y(I) +.16666667 *H (ef)(1) FI11))

6 011) =Ff1)

CALL FVAL (Y2,F)
IFIPH)7, 13,7

7 1)0 8 1 = 1,N
QI) = H *ABS(F4I) - 0(f))
IFIQH)) TMfI 98,,19

R CONTINUE~
00 9 1 19N
QI) =FCT * nH4 Q (T)
IFIQIII - TL(I))9,Q,12

q CON1'INI!F
K =K 41
IF (Y' - NGS11,l0910

10 IF(H - HMAX)1l,12,12
11 H =H * PH
12 K a0
13 D0 14 1 = ,N
14 VII) =Y?fI)

YIM) xY71ml
P FTUR N

I ' IF (H-HOTN) 1212*16
16 H a H/PH

CAlL FV#%I YF)
rnC TO
ENn
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StUBROUJTINF FVALAY1,F)
DIMFNSYON YI(1),FII),TL(12),A(6,6)qB(6)
REAL IXIYv17v1.XY, IXZTVZ

COMMON H, HMAX, HPIN, nH, FCT, TI, NC,5, N, S15 NPNT
C

COMMON TLIMt RHr'L2. RHnL3, RHOLA, RHOL5, W'48, ETA, ETAMI, TSW2

COMMON XoQQ XRR, XRP, XUn, XVR ,XWO, XUI.J, XVV,
I xww, XnROR, XDSrs, XnsrDA, XVVF, XWWEv XC)R!RF, XflSr)SP

COMMON YR09 YPfl, VPAP, YPQ, VOR, YVO, VVQ9 YWP9
YWR, YR9 VP, YARrOP, YVAR, YSTR, YV, YVAV,

2 YVW, VO)R, VRF, YVF, YVAVE, YoRF

COMMON ZO0, ZPP, ZRR, 7RP, Zwn, 7vRq ZVP, 70,
1 ZAQOS, ZWAO, ZSTP, 7W, ZWAW, ZAW, ZWW, ZVV,
2 ZOS, ?0B9, 7QF, ZWE, 7WAWF, 70-,F

COMMON AKPD, AKRO, AKOR, AKPQ, AKPAP, AKP, AKQ, AKVO,
1 AKVQ, AKWPq AKWP, AKSTR, AKV9 AKVAV, AKVH, AKDR,
2 AKSTRE

COMMON AMOD, AMPP, AMPR, AMRP, AMOAQ, AMWD, AMVP, AMVP,
I AMO, AMAQnS, AMAWO, AMSTR, AMW, AMWAW, AMAW, AMWW,
2 'AMVV. AMnS, AMOP., A'4QE, AMWF, AMWAWF-, Amn-SF

COMMON ANRO, ANPD, ANPO, ANOPI, ANRAR, AKIVD, ANWR, ANWP,
I ANVO, ANP, ANP9 P1'ARflR, ANAVR, AN'STR, ANV, ANVAV,

ANVW, ANnp, ANRE, ANVE, ANVAVP, ANDRF

COmmoNj IX, IV, T7, TXY, IX7, TY?

CCMMON Cw, t:Pt, Ur, Xn, VFg, 7p
r.

cOmmON OR, or., DR, RHO, AL, A~4
r.

COMMdON, rRMAX, FTAHI, FTAlrI, All, AP~, AIVA
r

COMMON V1l, 42?, A21, All, A12, A33

C
ccMMON xn Vll ?G

C

C P1JIL PRF SFN4T VALtirS rF VAQTARLFS, r'jT rF ARRAY YT
r

U VT ItI)

w : YI f I
P rVT f14

Q Y I I )
Y (
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THETA =Y!(7)
PSI a YI(8P
PHI = YT (9)
X = YT(I10)
V = VIfII)
Z = YT(12;
CALL cflNTR(THETA)

r,
C COMPUTE OUANTITT1S Tfl BE USEr) MORE THAN ONCE
r

VR = V*R
02= *Q

R2 = R*R
RP = R*P
U2 = U*U
V2= V*V
W?= W*W

flR2 = R*DR
DR2U? = OR? *U2
os? = o)S*DS
0S2U2 = flSP*tU
WP = W*P
UR = *
PABSP = P*ABS(P)
PQ =*

QR=*
VQ =V*Q
WQ =*
WR =W*R
UP I J*P
ROOnTVW =St)PT(V2+W?l
VRTVW =V*ROOTVW
ABSR ABS(R)
U ARrOR = IJ*AB SR*rlP
UV=U*V

r)R02=Dq*tJ2
UQ=U*Q
V P V*
P ?=P*P
ABSCzARS(Q)
UAQDS U *AR soC
WR TVW=w*pflOTVW
U WUt 1*
AR SkauA AS(W)
U ARSW'Ii. ARSW
(rsu2-fl%*u2
0 SU? 0 S
ABSV =AasIv)
UMAG s IR~ftI?.V2,W?'l
IFIUMArf1?A,?497-

14 FTA a 0,
nn Tl 'ýq

76 CC'NTINUF

1 '17
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ETA = IJC/0MAG
28 ETAM1 = ETA-i.

IF(ETA-ETAHI )32,3Of
30 A1=Al1

A2=A12
A 3= Al1
GO TO IR

3? IFIETA-FTALfl)35,35,37
35 AL=A31

A2=A3?
A3=A31
GO TO 18

37 AI=A21
A2=A2',
A3=A23

'A9 C ONT IN1 Jr
TF(V) 2,11,

1 RATVAV = 0.
c60 Tfli

'PATVAV = V/AFBSV
I IF(W) S,4,95
4 RATIAW = 0.

GO Tn 6
5 RATWAW =W/ARSW
6 CONTINOF

r
C COMPUTE TRIG FUNCTT0IIVS
r

SPHI = SIN(PHI)
CPHI = COS(PHI)
STTA = SIN(THFTA)
CTTA = CF1SITHFTA)
SPSI = S;IN(PSI)
'PSi= cns(psi)
TRIG! CTTA*SPHI
TRIG? -~CTTA*CPHI

TR I(3=SO4T *STTA
TPIG4 = CDHI * STTA
TRIGS = I*CTTA
IF( 1SW4)2091O,'O

V) ISW? =
r
r SFT CnFFFIC!FNTS, nF ,jn,vn,wn,r'o,Qr,pr, IN MATQT'x rnQo TNVrQTINr,

Atil2)= 0.
A(193)= ().
A(l,p4)= 0.
A(195)x A'4a7r.
A(1961- -AM*YG
A(2.1e 0.
A ( , ? I AM-P Htli ioyvn
A(2,1) 0.

A(?.41 -QHrt4 * YOf)'- A 4 7r.
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A (2 95) =0.

A( 2 6) -RHOL4*YRfl+AM*XG
A(391) = 0
A(392) =0.

A(393 A M-RH0LI* ZWfD
A(394) =AP4*YG

A(395) -RHOL4*zcn-AM*XG
A(396) =0.

A(4,p1) =0.

A(492) = -RI14OL4* AKVD- AM*Z G
A14,01 = AM*YG
A(494) = !X-PH015*AKPD

A(496) = -tXZ-PHOL5*AKPfl
A(591) =AM*?G
A(592) = 0.
A(5,3) =-RHnL4*Amwfl-AM*X(;
A(594) = -lXv
A(595) =IY-RHlL'5*AMOD
A(596) = -IV?
A(691) = -AM*VG
A(6,21 = -RHflL4*ANvfl+Am*XG
A(693) = 0.
A(6#4) =-IXZ-RHnL'S*ANPD)
A(6,51 = -IYZ
A(696) = IZ-PHOL5*AN~fl

C INVFRT A MATRIX

FPS =.O000001
CALL I NVER2(A,~v',6,!FRqEPS)
IF( IFR ) 149,16t,14

14 WPITF(11l5)
!5 FORMAM(H 1'SINGULAR MATQIXI)

CALL FXITD
16 CnNTINIIF

r
70) CONTINIJF

r COMPUTE RIGHT SIDE flF AXIAJ. FnP(F FIN

40 CCNTINIJF
FA= (AM*(VP-WQ) + RHflL4*fXOQ*Q7+PR*R2Q+XQP*RP)+
IpHnLl*f X~QVR*P XWQ*WO ) .aHnLIXuUl*U?+XVV*V7P*XWW*W*W) +
7QH0L2*1J2*(xflRfR*flR7 ,xrssxnstnSi*fll4*fl n.l)+
2RHflL2*(A*24*ltr-1*)*(WRST+ I QHI11*(XVVE*Vl'4EWWr*W24
4XnRCPF~rlP.~1? + xD4;nSF*flS'Ii?)*FTAMI)

+ Am*( G*('Ot (2+?) -Y(GPQ-IG*RPP)

C C',)IPUTE a IGHT SIDF nr L.ATEPAL FCRCE FON
r

SO rONTINIIF
FL 2 M*(WP-LJI4+RHIW4*(YOAP*PARSPYPQ*PQ.YQPSOR) +

1RHOL0eI YVQ*V0,YWP*WPYWQbWP4YP*tiQ4YPet104YAQlR~ti*A~~qeon

1-29
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?YVAR*RATVAV*ROO-TVW*ABSR)+RHOL?*(YSTR*U,;+YV*IJV.YVAV*VRTVW +'
IYVW*VW+YnR*nRU21 + WMB*TR!G1+PHOL3*YRE'PUP*FTAMI+
4RHOL2*( YVE*UV+YVAVF*VRTVW+YflPF*D'RtJ?)*FTAMI
1; +AM*(YG*(R24P?)-ZG*QR-Xr,*0Q)

C
C COMPUTE RIGHT SIDE fOF NORMAL FOPCF FJN
C

60 CONTINuEF
FN = AM*(UQ-VP) + RHnL'. * (ZPP*P'7+7R*R7+ZRP*PPI + RHnIA*(7VR*VP+
IZVP*VP *ZQ*UQ +7AODS* UAQr)S + ?WAQ* RATWAW*PC1OTVW*ARSO) +
2RHOL? *(ZSTR*U2 + ZW*UW.?WAW~ * WRTVW +ZAW*tJASSW+ZWW*AR3SW*RnnrTVW
3, ZVV*V2+ZDS*OSU2 ,?Rf~I~+ W~q * TRIG2 + RHOLI* ZQF*IJQ* FTAMI
4+RHflL *(Z WF *UW+7 WA W * WRTV W. ZSE *O)SUJ) *FT AMI
r, ,AM*(7G*(0?.Q?)-XG4~RP-YG*QR)

C
c CnmPUTE RIGHT SIDF OF VOLLINq VrWFNT EON

70 CONTIN11F
PM=( IV-!? *QR+IX7*PQ4IYz*(02-.P7)-rXY*RP+RHr1L*(A*KQR*OR +
IAKPQ*PQ+AKPAP*PABISP)+RHflL4*(AKP*IiPAKR*UR+AKVQ*VQ+AKWP*WP
?+AKWR*WP).+RHOL3*(AKSTR*IJ?+AKV*IIV+AKVAV*VPTVWAKVW*VWAKOR*ORI,?)
3+(YG*CW-YF*CP)*TRIG?-t17G*CW-7F9*Cl)*TQIGJQHOL34*iKSTQF*11?*FTAMI
4 +AFm*(YG*([JO-VP)+ZG*(UP-dP))

r.

qO CONTINIUE
PM = (IZ-IX)*RPPXY*QR4102-P?)*IX7-IYZ*PQ) +QfI-4L9*(AMDP*P7+AMPP*
JR? +AMPP*RP *AMQAQ*Q*ARSO )+PHOI 4*(AMVR*VP+A'4VP*VPAMQ*Irn,+A'4I1QS*
7UAODS .AMAWO *Q*RonTVWI+ RHnL3*(4'dSTQ*U2,AMW*IIWM4WAW*WRTVW +
!AMAW* L&BSW ,&MWW*S~W*QflfTVIAMJvv*v7,)amns*O~t,?,AflRn;*ngiJ?)
4-(XG*CW-XfB*rF)*TRIG?-(?G*CW-ZPý*Cfl*SrT&+RHOL44AMQF*IJO*FrAMI
gj+RHOL3*( AMWE*UW+AMWAWE*WQTVW.P. )SF*flSti? )*FTA'41
6 +AM*tfj*(VP-1WQ+XG*(VP-Ii,)))

c COmPUTE RTIHT S~t)F IF YAWIN, mr'MFNT PON

(qO CONTINuEF
YM a(IX-TY)*PC *!V?*RP +(P?-r0?)*IXY - lXY*f)P * Hr)L';*IANPO*

IPQ + A*4QP*OP .ANRAQ.P*AR-,OI~pwrLI.*IANWR*WRA~kWP*WP *ANV-,*Vl) +
'ANP*UP+ ANR*UR + ANARnp* tJApnp + ANAVR * R*RnrrT/W)+
lRP0L3* AkNSTP*U2 +AV(V4VVVV+AV*~+pn~)I7
4,(XG*CW-x.3*CM)*TR1G1ItYc,*rw-Yc*Cfl*sTTAQi~nL4*ANJrF*uJP*FT&#l +
SRHOLI*t ANVF*IIV*ANVAVF*VD'YVW *Ak.I)oF*nao7J)*.VjIj
f- *AM*fv;,*IWP-tUD)+Y,Y*IWt-Vrfl,

r. "IJLTIPLY Tr GCT Un.vo, wr, Pn, Qn, an I

C AI
C*PIre~

r( R) :(Q@ K DHIVA *C0N- DIF /C )TTAtfftPIIM
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Ff9) =P+FIA)*STTA
r
C Cf1MPUTF x n)r)T . Y flfT . 7 PflT
r

F(1O1=TRIC,5*CPSI+V*(TR!G3*CPS!-CPM!*SPSI)+
I W*ITRIG4*CPSI + SPHI*SPSY)
Ffli)zTRTG5*SPSI+V*(TRIr3*SPSICPH1*rPSI)+
I W*(TQTG4*SPSI-SPHI*CPSF)
Ff 121=-U*STTA+V*TP JG1+W*TRIGP
RFTURN
E NP

141
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SURROUTINE INVFRIAO,MN,L.Ir ,FPS)
C A THF INPUT MATRIX CONTAINS THF INVERTFn MATRIX A-1 UPON FXTT
C THE SOLUTION IS STORED IN A (TJl t '4(J<N
r M' IS THE NUMBER OF ROWS STnRFn) IN MATRIX A.
C N IS T14F NUMBER OF COLUMNS STOR1ED IN MATRIX A.
r. L IS THF MAX NUMAER flF ROWS ALLnC,',TFr) IN A.
r I. IS VALUE XX IN DIMENSIrN A(XXqYY)
r IC IS 0 IF A IS INVERTED) SUCESSFULLY, IF FACH flIArONAL F-LFMFNT
C IS GREATER IN ASS THAN FPS,
C IC IS I IF A IS NOT INVERTED SIICFSSFIJLLY.
C. FPS IS A VALUE SAY .00001 THAT IS USED FOR SINGOLARITY r.HECKINrG.
r FOR A DOUBLF PRECISION VFRSýION CHANGE ASS TO nA(BS IN q, AND THF
r LITERAL 1. IN STATEMFNT 10 TO 1.00C

DIMENSION AMl
c r'OUBLE PRECISION A

n'o PO T=19M
LI z L*I-L
11 = LT+I

9;IF(APS(A( II) )-FP%190,90,lO
in A(I)l= 1./A(II)

00 50 K = 1,9N
Ir(K-I 20,50.20

20 1K = L*K-L
1K = LK+I
A(IK) = A(IK)* AlIT)
on 40 JzjM

-40 JI = LI+J
JK =LK.j
A(JK) -= A(JKI( - A(JI)*tiIKI)

40 CONTINUE
SO CONTINUE

no0 70 J1l,m

A0) JI -- L!.J
A(JJ) =- A(J1)* All!)

70 CONY IN(IF
Pn CCNTINUF

RF TURN
no IC vI

RF TURN
FNfl
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SUBROUT INE POATMPY (At BgCMvNqNLqMAqMBMCq TOP T
DIMENSION At 1) ,B(1),CII)

r nOUBLE PRECISION ARC
KK= -mB

I I -m
ILL =

30 LLL=LLL+l
I I= I+ mc
I = IT
KK= KK+'4A
111=0
JJ= -MAil

40 K=KK
J= JJ
1=1+1
KKK=O
T II= I1I11 + I
C( I )=o.

1;O K=K.I
J=MA+J
KKK=KKK+ I
CtI)-=C( I[* A(J)*b(K)

60 JJ=JJ+1
IF( II I-t140,?0,70

70 IF(LLL-L)3OR0,RO
90 RETURN

ENKD

141.
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SUJBROUJTINE INTFGIYItNTSW)
OWMNSION Y(fl, F(17)9 Titi?), P1(1?)
COmMON H, HMAX, HMIj, OH, PUT, TL, NGS, N, ISI
I F 1 5 1)'40, 10,10

lo M= NI I

F14) =0.

?0 FItI) 0.
TSl = I
P FT URN

30 CAL.L FVALl(Y,F)
nO( 40 1 = I,N
GO 71( f4?,44,46),!NTSW

4? CONTINUt-

Y( 1) =t I~) + r-;*H*t 3.*Ffl) -FIl)

cn If' 4q

44 cC1NTINIIP

nO TO 43
46 CONTIN'IF

VII = YU) + H *FMl

C
49 CONTINJF-

40 CONT 1Nti
Y(M) =ym+
RF TUAN
r ND)
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SUBROUTINE EVALI(Y!,F)
DIMENSION Yl(lb*Ft1),TL( 12)
RFAL I XqIY, I ZIXY, IX?,!YZ

r
COMMON H, HMAX, HMIN, OH, FCT, TI, NGS, N, [S1, NPNT

COMMON TLIM, RHOL2, PHOL3, RHnL4, RHOL5. WMB, FTA, FTAMl, [SW2

COMMON KOC, XRR, XRP, xun, XVR ,KWO, XUU, XVV,
1xww, xnRnR, xnsnSt XDBDR, XVVF, XWWF, XOPDRE, XDSDSE

C
COMMON YRD, YPn, YPAP, YPQ, VOR, Yvn, YvQ, Ywp,
1 YWR,9 YP, VP, YAROR, YVAR9 YSTR, YV, YVAV,
2 YVW, VOR, YRF, YVE, YVAVE, YDRF

COMMON ZQ0, 7PP, ZRR, ZRP, ZUD, ?VP, ZVP, ZQ,
1 ZACOS, ZWAQ, ZSTR, 7W, ZWAW, ZAW, ZWW, 7Vy,
2 zr)s, zOR, zQE, ZWF, 7WAWE, 70SF

C
COMMON AKPD, AKRD9 AKOR, AKPQ, AKPAP, AKP, AKR, AKVD,
I AKVQ, AKWP, AKWR, AKSTR, AKV, AKVAV, AKVW, AKDR,

7 AKSTRF
C

COMMON AMOO, AMPP, AMRP, AMQP, AMOA0, AMWD, AMVP, AMVP,
1 AMQ, AMAQOS, AMAWO, AMSTR, AMW, AMWAW, AMAW, A'4WW,

?AMVV, AMDS, AMOS, A'40E, AM4WF, AMWAWF, AMPOSF
C

COMMON ANRn, ANPO, ANPO, ANQR, ANRAR, ANVI), ANWR, ANWP,
1 ANVQ, ANP, ANR, ANARnR, ANAVR, ANSTR, ANy, ANVAV,

ANVW, ANOR, ANPE, ANVE, ANVAVE, ANDRE

COMMON Ix, IY, 17, 1KV, txz, IY?

COMMON CW, CR, tjC, X9, YB, ZR

rOMMC1N OR, OSt i1A RHfl, AL, Am

COMponN CRMAX, ETAHI, FTALn, All, A12, AVA

COMMO2N A21, A??, A73. A31, A329 A31i

CnmMON XCI, YG, Zr
C
C
r POLL1 PRFSFNT VALUFS OF VARTARtES VOT nF ARP&'? YT

U - f1
V * a 2

W -a A
Pa Y1(41

Q a Yfil5
pu Y~%

THETA =Y![7)
PSI - A

14L5
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PHI = YT (q)
X YI 10I

Z =YT 12)
CALL cnNTR(THETA)

C
f COMPUTE QUANTITIFS TO Br OSPI MOPF THAN ONCE
C

VR V*

R? R*R
RP R*P
U? =U*U

V? =V*V

W2 =W*W

OR? = fR*lp
DR2U2 = nR7 0?
OS? = PS*DS
DS2U2 = S2*U2
WP = W*p
UR = *
PABSP =PASP
PQ = *

CR = Q'*R
VQ = V*Q
WO= *

WR = W*R
UP =U P
L~onTVW =St)PT(V2e+W2)
VRTvw V*ROOTVW
ABSR =ABSIP)

[JAR OR=!J*ABSP *OP
UV=U*V
VW=V*W
ORU2=O0 *U.7
IJQ=tJ*(
VP=V*P
P2= P*P
A BSQ= A 11 (Q)
UA QDSO SU*SC~r"
WR TVW=W*ROnTVW
tJW=U*W
ARSI%=APRS(W)
U AB s W= lJ * AB s 1
OBU?= rq*ti2

ABSV = BS(V)

?4 PTA a u

flC Tn Iq

f-TA =ICUAC
')' rrAMI ý F A 1
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ETAMI = ETA-I.
IF(ETA-ETAHI )32,30,30

30 Al=A~l
A2=A12
A3=A13
GO TO 18

3? IF( ETA-ETALO)35,35,37
35 A1=A31

A 2= A 32
A 3=A 31
GO TO 18

37 Al=A21
A 2= A22
A 3=A23

38 CONTINU'7
IF(V) ?,pi,2

1 RATVAV = 0.
GO TO 3

? RATVAV = V/ABSV
3 F (h 1,0r.4 95
4 RATWAW = 0.

GO TO 6
6 RATWAW = W/ABSW
6 CONTINUF

C
C COMPUTE TRIG FUNCTIONS

SPHI = SINIPHI)
CPHI = cIIsiPHI)
STTA = SIN(THETA)
CTTA = COSITHETA)
SPSI = SIN(PS!)
rPST = Cnstpsi)
TRIGI CTTA*SPHI
TRIG? CTTA*CPHI
TRIG3=SPHI*STTA
TRIG4 = CPHI * STTA
TRIGS = U*CTTA
IF( ISW2)209lO,2O

10 ISW2 1.

C SET COEFFICIENTS OF UOVlnwflPPCP,Rn

FAU z AM-PHnL34*xtif
FAQ = AM*ZG
FAR m -AM*YG
FLV - AM-RI40L *YVn
FIP = -RHOL4*YPfl-AM*7G
FIR m -RHLOL4*Y~fl.AM*XrG
FNW z AM-R~nfL34*zwf
FNP x AM*YG
FNQ a -RNOL4*lQP-AM*XG
Rmv a -RHOL4*Al/fl-Am*ZC,
Pmw a AM*YG

147i
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RMP = I X-RHOL S*AKPD
RMQ = -Y
RMR z -IXZ-PHf)15*AKRfl
PMU =AP4*ZG
Pmw = -RHfL~4*AmWfl-AM*XrG
PMP =-IXv.
PMQ = IY-RHOt5*Amoi)
PMR = -IYl
YMU = -AM*YG
Ymv = -RI-4fL4*ANVPAM*XG
Ymp z -IXZ-RHflL9*ANPF)
YMQ = -IV?
YMR = I Z-RHflL * ANPf)

'lCnNTINIJF

r COMhPUTE U0l FROM AXIA~L FORC9 FON
C.

40 CONTINIJF
F(I)=H(AM*(VP-WQ) + PHflL4*(XQQ*Q?+XRR*R2+XPP*RP) +

IRHOL3*( XVR*VR+XWro*WQ)4pHflL)*(XtJU*U?+XVV*V
7*XWW*W*W)+

?RHflL2*u?2*IXDRr)R*DR2 +xr)sO*os?*xn~flE*flp*nq +

3RH0L2* A1*IJ?4A2*UJ*tJC*A3*IJC*IJC'I-Wmg*STTA+ PHF{7*(XVVF*V2+XwWW*W2+
4XDPCPE*nR2tJ? + XDSDSE*flS?ýJ?*FTAM4I)
9 +AM*(XrG*(02+R?I-YG,*PQ-Zr,*RP)
6 -FAQ* F(5)-FAP* F(6))/F:AIj

C COMhPUTE Vn) FROM LATERAL FflPCF FON,

90 CCNTINIJE
Ft2)=AM4*(WP-(UR)+PHCOh4*(YPAP*PActSP+YPQ*P0+YO'P*OR)

1RHOL-3*( YVQ*VQ+YWP*WP+YWD*WR+YR*URP+YP*UP+YA~RnflR**ARSR*nlý +

?YVAR*RArVAV*POOTVW*ARSR) +RH-402* (YSTR*U?+YV*LJV+YVAV*VRTV'-J +

3YVW*VW+YDR*DRtj2) + WMP*TplIl+PHqIL'*YRE*LJR*FrTAv1
4PHOI ?*(YVF*uJV+YVAVF*VRTVW+YoRFr*)Ru?)#FTAMI

+ ANM*(YrG*(R?+Pl-?G*QR-XG*P0I
S-FLP* r-(41-FLP*F(A)))/F-LV

C C0O'PUTE Wrn FROM NORM4AL FnR(F EQN1

,SO CONTINIJc
P(3)(4m(00-P)* RHflL' * (ZPP*P?+ZRR*P?4.70P'RP) + PHflL3*(7VP*VR+

IZVP*VP *?Q*UQ *?AQDS* UA'onS + 7WAQ* RATWAW*R'nTVvW*ARISO) +

2RHOL? *(ZSTP*IJ? + 7W*UW+lWAW * WRTVW ,ZAW*UW!'WWZWW*APSW*RflfTVw
3+ zvv*v'.zr)s*wSJ') *ZfB*fl~u?) + A * TRIGI + QHOlLl* 7QF*uQ* FrAMI

r- ,APM*17r*(P2.Q2)-XrG*RP-YG*OR)
ic -FNP* C(4)-FNO*F(5fl/FNW

r COMPUTE Pfl FROM ROILLNC. MO'4FNT FON
r

71 CONTIN'JF
F(4 = (y l )O +X *Q~y~ r -') JY PD Oft;(~~c) +

JAP*IAOPPR0+~)4(KPIPARU+Ký*OAWO4
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2+AKWR*WR)4RHOL3*(AKSTR*tU2+AKV*UV+AKVAV*VRTVW+AKVW*VW+AKnR*D)RU2)
34IYG*CW-YB*CfR)*TRIG2-(ZG*CW-ZB*CFg)*TRtG1+RHflL3*AKSTRE*U2*ETAMI
4 +AM*(YG*(UO-VP)+ZG*(UR-WP)l
ý -RMV*F(2)-FtMW*F(3)-RMO*F(5)-RMR*F(6) )/RMP

r
C CCMPUIE Qfl FROM PITCHING MOP4FNT EON

10 CONTINUE
F(5)=((!Z-IX)*RP4IXY*QR+(R2-P2)*IXZ-IYZ*PQ *RHflL5*IAMPP*P2+AMRR*
IP2 +AMRP*RP +AMQAQ*O*AIBSQ)+RHflL4*(AMVR*VP+AMVP*VP+A'4Q*UQ1+AMAQDs*
?UAQDS *AMAWO *Q*RODTVW)4 RHOL3*IAMS1tR*U2+At4W*UW4AMWAW*WRTVW +
3AMAW* UABSW +AMWW*ABSW*ROOTVWAMVV*V2,AMnS*f)5U2+AmDR*nBU2)
4-(XG*CW-XB*CB)*TR!G2-(ZG*CW-ZB*CR)*STTAtRHflL4*AMQF*UQ*F:TAMI
'i+RHOL3* (AMWE*tUW+AmWAWE*WRTVW+AMDSE*DSU? )*FTAMI
6 4.AM*(7G*(VP-WQ)+XG*(VP-UQI)
7 -PMU*C(1)-PMW*F(3)-PMP*F(4)-PMR*F(61))PMQ

C COMPUTE Rn FROM YAWING MOMFNT EON

00 CONTINUF
F(6)=U!IX-IY)*PQ +YYZ*RP +(P4'-02)*IXY - IXZ*QP + RHflL5*(ANPQ*

IP NQR*QP +ANRAR*R*ABSP )+RHflL4*E ANWR*WR+ANWP*WP 4ANV(i*VQ+
)ANP*UP+ ANR*UR + ANARDR* 11AROR + ANAVR * R*RoflTVW) +
3RH013*(ANSTR*U2 +ANV*UV+ANVAV*VRTVW+ANVW*VW+ANDR*nP02)
4+(XG*CW-XB*Ci3)*TRIGI+(YG*CW-YB*CB)*STTA+RHtOL4*ANRF*t.IR*ETAMI +
5RHOL3*t ANVE*UV+ANVAVF*VRTVW +ANOQ E*DRU? )*FT AM I
6 +AM*(XG*(WP-UR)+YG*(WQ-VRI I
7 -YMUI*F(l)-YMV*F(21-YMP*F(4)-YMQ*F15))/YMR

C COMPUTF KINF'4ATICS - THETa nnfT , PSI DnT, PH! flOT

F(7) = Q*CPHI-R*SPHI
F(8) =IQ*SPHI+P*CPHI)/CTTA
Ff9) =P+F(A)*STTA

r
C rOMPUTE X DOT , Y nOT , 7 DoT

F (10) -TRIG5*CPS!+V*(TRIG3*CPSI-CPH!*SPV.! )
I W*(TR!G4*CPSI + SPHI*SPSn
Ff11)=TRIG5*SPSI+V*(TRIGI*SPS!,+CPHI*CPSI)

I W*(TRIG4*SPSI-SPHI*CP,;I)
Ff112)=-U)*STTA+V*TQIGlW*T~Tfr?
RETURN
END

14Z9
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SUBROUTINE PLTRnu(SAVEvKILOCNLflCIRUN)
flIMENSTON SAVE(300,1),ILOC(1), rY(16), TR(2)
Mt1)=IHEX( 13,9,14,4, 13 ,5,4 0)
IRI 2)= IHFXI 13,5,,13,6,4,11,4,0)

r T
IYM1 = !HEX(1493,4,0,4,0,4,01

TY(2)=THEX(14v4-.4,0,4,0,4,0)
c. V

!V(3) = IHEX(14,5,4,0,49094,01
C w

r P
IY(5)=IHEX(13,7,4,0v4,0,4,0)

TY (6 )=[HEX( 13,8, 4, 0,4,0,4,0)
C R

IYI 7)= IHFX(Il1,9,4, 0, 4,0,4,0)
C TtHTA

IYI 8) 1HFX (14,3 , 1? ,8v4,3,12,1)

I~9h IHFXI13, 7,14,?, 12,9, 4,0)
r PHI

IVI 10) =IHEXI 13,7, 12, R,12,94
r- x

TY( 11) =IH-EX (14 ,7,4 ,0 ,4 ,04,01
r Y

IV (1? =1 HEX 114, Pq4, 0,4,0j,4,0)
C. 7

lvi 13)=IHE XfI14, q,490,4, ,4, 0)

TYI14I:IHEXf12,4,j13,,4,0,4,O)

lYf 161= HE Xi12,4, 1?, 24,0,4 ,0)
lIv =70.
CALL SCALE(SAVF(1,1 ),f6.0,x,(,1,IV,Il
TCTLw0
CALL PLlT (0 .0, .75t;31
nnf A0 Tu1,NLrf'
J=ILOC( I
IF(J) 10,90,30

i) cONTINUE
CALL SC.ALEiS.AVFI tJ)94.t),K, ,lInV,?)
CALL AXI~IýO.',0.0,IYI1 ),-496.0o,0.DtV, I)
CALL AXISiO0,090,T~vyfJ ),4,i..0,QO.OOIV,?)
rALL Sy'4801 ('.0,'4.5.0.14, tR,0.0,R)
AIRUN z RIM4
CALL I'Pm-.-00-.0AFIA0-
CALL LT'*(SAVFti.1),SAVFI 1,JiK,1,0,0))

ICTL-m
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GO TO qO
60 CALL PLOT 18.5,-4.50,-73)

ICTL-O

A0 CONTINUE
1O [FIICTL !110,100,110

100 CALL PLOTIO.O,-.75,?3)
RETURN

110 CALL PLOT (8s.5,-o25, 23)
RETURN
END

151
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SUBROUTINE CONTR(THFTA)
C
C TO CONTROL OS AND OR FOR nYNA'41C CONnYTInNS

flIMENSICN TLti?), !LOC(16), Y(11)
REAL I XqIYIZIXV, TXZIVZ
RFAL K

COMMON H, HMAXv HM!N, OH, FCT, TL, NGS, N, 151, NPNT
C

COMMON TLI'4, RHOL2, RHOLI, RHOL4, PHOL5, W'4fi, FTA, ET8A11, TW?
C

COMMON XQO, XRR, XRP, XIJP), XVR, XWQ, XItJU, XVV,
1 xww, xO)RnP, xnsns, xngBO, XVVEi, XWWE-, XDPO)RF, xnsnSr-S

COMMON VRn, YRP, YPAP, YPQ9 YOR, YVO, YVQ, YWP,
I VWR, VP, VP, VAPOR, YVAR, YSTR,VV, YVAV,
2 YVW, VOR, VQF, YVE, VVAVE, YORE

COMMON zQn, ZPP, ZRR, ZRP, ZWO, ZVP, 7VP, ZC),
1 ZAQO)S, ZWAQ, ZSTP, Z~, ZWAW, ZAW, ZWW, 7Vy,

11)5, Znfk, ZOE, ZWF, ZWAWE, Zf)SF

COMMON AKPn, AKRD, AKOR, AI(PQ, AKPAP, AKP, AKR, AKVD,
1 'AKVQ9 AKWP, AKWP, AKSTR, AKV, AKVAV, AKVW, AKr)R,
2 AKSTPE

COMMON AMCfl, AMPP, AMRP, AmRP, AMQAQ, AMWD,AMVR, AMVP,
I ~AMQ, AMAQnS, AMAWQ, AMSTR, AMW, AMWAW, AMAW, A'4WW,

7 AMVV, AMOs, A'AOB, AMQE, AMWF, AMWAWF, AMOSE

cnMMON ANRD, ANPD, ANPQ, ANQR, ANRAR, ANVV), ANWR, ANWP,
I FANVQ, ANP, ANR, ANAQnR, ANAVP, ANSTRo ANy, ANVAV,

ANVW, ANOR, ANRE, ANVE, ANVAVF, ANnRF
r

COMMON Ix, IY, Il, lxv, IX?, IY?
C.

COMMON CW, CR, UC, XR, YP, ZP

COMMOJN OR, OS, FTR, FHPAL, AMl 12 l

COMMON RA21, A7TAHI,9 TAll, A3?, Al3,3 1
C

CCOMON A?!, A72, 'Z 3 A1 3?
C

COMMON EGf YG, nT v;N OPN PLi
C

COmmO!N YLiC TRIO R, nETRUN, TOPEN, Q2L, mFTOPT
C

rCMMON OSrFt DUF, TCYC, Nc

15'PETURN

152
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16 CONTINUE
GO TO(looi,1001,1003,1004,1005,1006,1007),NS

C
C CONTROL DS
C
1001 IF(II$W0)21,2O92l

20 NI =?
I NN2 =
NC2 = ((TIME*ICYC)IHI + .5
NCI = (ABSSMS -DELTMA))*ICYC/ABS(R1*Hl 4.5
NC5 = (ABS(DELTM!-nELTMAI)*ICYC/ABS(R2*HI +.5
GO TO 11

?I GO TO (1,2,3,4,5,11I),NI
r
C CYCLES TO START
r

7 NN2 a NN2 + I
IF (NN? - NC2) 1191197

r
C DS PflWN

7 NI = I
NN3 = 1

3 NN3 = NN3 +1
DS -OS +H*Rl/ICYC
IF(NN3 - Nril 11908,8

c nS LFVEL

8 NI = 4
6O Tfl 11

4 IF (ABS(THETA) - SWMAX) 11,9,9
r
c fls up
C

9 NI = 5
NN5 = 0

5 NN5 - NNS + I
oS - nS + HOR2/tCYC
IF (NNS -NC5) 11,10,10

C OS LFVFL

10 NI - 6
r

11 IF (NS - 2) 13*1003,1001
13 CONTINUE

GO TO 7C000

C CONTROL OR + AUTOPILOT

1001 IF t1SW~l 30193C0,l01
300 IC a Y(12)

SnOTI- 0.

153
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flOP = 1ABS(DRMAX)
NCIO= (fTTf1F * ICVC)/H) +.5
NC6 = 8~35 * flOR * ICYC/(.0R7?6*H) *,5
NC7 = .08 * fODP * !CYC/(.01336*Hl +.S
NC8 = .04 * DnR * ICYC/t.00fh*HI +.95
Nc9 = o0i * DoP * TCYC/f .001064*H)+,5
NNIO= I
N2 = 2
IF (ORMX) 313, 314, 114

313 R6 =-.08726
R7 = -.01336
R8 = -.006
P9 = -.001064
60 Tr 150

114 P6 =.017?6
R7 = .01136
PA = .006
R9 = .001064
(,"0 T(I '50

'A01 GC TO 1r3009,'A29 1039 '404909, 306, 1c;),N?
107 NNIO =NN10 + 1

IF (NNI0-NCIC)3c9o,350,30R

r FRrv' 0 TC .~9c OF ORMAX
r

109 N? =
NN6 = 0

303 NN6 =NN$' + I
OR = l) + I.*R6/ICYC
IF (NN6 - NC6) 350,309,100

r
r FROM .85 TO ,q4 OF nDmAx

10q N2 = 4
NN7 = 0
rGC TO EqO

104. NN7 =N47 + I
OR DR +P 4 *R7/TCYC
IF (NN7 - N(71 390,310,110

C FRqM .91 yr' 97~ f1 rQMAX

110 N?2 s
NN8 I
r~n TO ASO

13S NN9 NNq + I
OlR rOP + H*qp/TVY(,

I F t NN Q- NrP)II 30.31, -!II

r F~r *? Tn I. rr r~~

III N' ' '

N~9
0~f T V 0
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106 NN9 = NN9 +I
DR = OR +H*R9,'ICYC
IF (NN9 - NC9) 350,312,311

C LEVFL, ORMAX
C

312 N2 m 7
350 IF(NS-2)?000,2000,352

C
C AUTOPILOT
C

352 nSC=.008*(ZC-Y(121I).3.5*Y(71+4.Ol2*(Y(1p*SIN(Y(7)1-Y('3)*COS(Y(71)))
1+2.*Yfrl)

103 IF (DSCI 110,107,107
107 IF (DSC - .436) 101,108910A
110 IF (DSC + o436) 109,101,101
108 DSC a.436

GO TrO 101
109 osc -.436
101 SDOT = 3 * (DSC -nS)

OS = DS +. *5 H/ICYC 0(3. *SOOT -SDOTll

SIOOTI aS00
08a a -fls

151 CONTINUE
GO TO 2000

C CONTROL DS (IMPULSE), LOP4GtT~IOINAL
C
1004 IF (15W2)401#400,401
400 IF(JCYC-11411,4119412
411 N4=0

NTS Ta

GO TO 401
412 N4x-1

NTST-1
tJMODW 3 2

401 IF(N4-N4TST)403w402,o4O3
402 DS a SF
403 IF~t400('4,NPnDD))4109406,410

C PUNCH THETA ANO TIME FOR FRFOUFP4CY STuny (LIfNGITUCINAL)
C

406 WRIT~ff740A)Y(Th9YfI31
408 FORMAT12EIS.71
410 N4 x N4 * I

GO TO '1000

C CONTROL. OR (P4PULSE19 LATERAL

100S IF (ISWM051,0O0*501
500 1Ff ICYC=11)5119I51oS2
511 NS a0

NTST -1
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NMOC=R
G~O TO 901

S512 N15=- I
NTST=3
NMOP= 17

501 IF(N5-NTST)50)3v,0?,'503
'50? DR r r)RF
503 IF(MO(NNSNMOD))510v506,510

C PUINCI PH taND TI mF FrR FRFOUFKICY STIJrDY( LATFRAL)
r.

506 WP1TF(194O9) Y(9)9 Y(13)
510 N5 = N9S + I

GO TO 190

C CONTROL ACrFL/OFCEL + AtITOPILOT

1006 IF( ISA')601,f60C,601
600 N6=1

I SW60C
NNI 1=1I
TLIM= 10 .*T I F+t60.
7C =Y( 1?)
SOnTI 0,
Nd 1 -A60* ( CYC/H)
NC1I2=T IMF*IC YC/H
oc=0.
G'C' TO 3'S?

601 Gn TO(602,603,604,605,606,607,35?),N6

r

609 N6=2

NKI ?=()
6'1)3 NN12=NN1?+1

IF INN1?-NC12)!35 197, 60"

$,09 IF(1SW6)617,616,617
0ý17 N6=7

GO TO 157

A 16 N5S:l
Ur = 16.
NN1 ?=(

4j C.0) TO A09
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615 N6~=4
UC= 25. 335
NN12=0

605 NNIZ=NN12+1
IF( NNl2-NC12) 3529,3529,611

611 IF(ISW6)619,614,619
619 GO TO 616

C,
614 N6=5

UC= 33.78
NN12=0

606 NNl?=NN12+1
IF( NNI2-NC 12) 352, 352,612

C
612 MIFSW61620,621,620
620 GO TO 615

C
621 N6=6

UC=42.225
NNI2=0

607 NN12=NNL2+l
IF( NNI2-NCI2) 35?, 359, 61 '

613 ISW6 = I
GO TO 614

C CONTROL MAXIMUM ACCEL/DECFL .AUTnPILOT

1007 IF(ISW?)701,700,701
700 N7=1

MNN13- 1
TLI NzAO.+2.*T !MF
NC13=60*ICYC /1
NCl14=T IM4F* IC YCI/H
SDOT1--0.

ZC=0.12

GO TO 35?
701 GO Tfl7C?,701935219N7

c UC=0.
70~? NN13=NJN13+1

IF INNL 3-NC 13)AS7, 3%?,705

705 N7=2
UC=4? .25
NN1 4-0

703 NN14*NNl4+I
!F (NN14-NCj4)3S2t3'7, 7-06

706 -NT=3
Ut =0.

* GO TO 35?



NAVTRADEVCEN 68-C-Oo5o-2

2000 RETURN
END

/11

1.58



N.VTRADEVCEN 68-G-0050-2

O3.'t@,69 AUTOFLOW COALS SIT 111492) 04tVTIAOEVCPN 6L0C.0040-2

CHANT 111111 -POaCtouiMs

I
I ......

| ~~...o.... ... O'- ................. -----------

I 01 I 04I IN*I At

I P * 5.1439,) I I I LO *0 I6 I LIST 1140, 1400 0aI I III * ZLBS. ALPS, ANlSo C
I IW?.O a 0 0 tg N0ot.,, e.o, :

I IOfPPN. I I l OUT. I ) • NPO, ISP, Y•PLP SI Il ag s., 4110m 1 AN t, *

I • aI I LlISPP • 9S I L& OO IIU*.1, VPl,
--------- C I Imp "P Z~,atp &aNp# LIS6 nsIS

I L INS 1 A MP, 11100. Y . *
09 62 0 Q00 -I1 IPMG2 I I * dlNl@. "PLAP,

"* CONTINUI * I IPI • LLP0 , 0, C 0

S **. I 10*I I o

-- I MY I ............
I I I IUVIA ?rfiT 1 ?IT2 TO MYI*

it I INPUT N 1 1 24 I l GOUt I
.1 g I / lOPROP THE LISTr I I VIA PIISAT II --------- o ii /

II I PIn I F PROM ?NP LIST 0
.------------------------------- -

I I NOTE II 1 II I • C. *e•O.*oo |
I S LIST IPS S I NOTI Is• 04 0 • 0 • 4
a0 . LIST Xuu, YVG** * II I LEST LOS AIW So C~• • | • lVP' 494.l &IANVo

(01 . g I I2 I ~ M4•N iVV, V,q ... ICOT . .-----------. - - - to, 4iLVS AMVP,
•a * g I eNT , iPNIT R M ,LWN

• • , I O It *eoeeee..O
• * I ICNTZ NPL I I

a I .-----------------

I~~" I to;, OI I I
I I•* l 0 I luII I I I CIITE TO 0EW I

I I C"iW•UTP1N O,•L I flU? /
SI I CnNTyATS V1 vi OWOS•T I
III I TNE LIST I

0- -----------------e
I o I TWOIe-I|! * I II niOt, ?o

•(-~ th I ClNIL2 * I * * IS * *•iM
I C Z • L LivllV, lile a

1 101 1 I-LA4 .S 1Q0&4 1 I £qt 1 AL P.
I I I a----------- - --- U-i-1 VP10 , it a0 •
I • Inn,.. vailli IV, 0

• 1.. ... . 1. **- - &i lt. finle . 0•
I I 0 I • I•I& I • ifqla {twa *fl0, LW
S P T--- -------------------- L•,l IVY', 0I 4I 1 06 I g 511% * d•Mi0AL YVA N t 141w. * KV, S

* a-------------------a 0 ------------------a It *qw. ANW~. 110110,04 . 1 I a qq 1 1 411lA , LSVAV. S

I I Pit w I" ILU T I
I I I N , WSITP *1U I I
I I I I "Rill W110S11V I1

I - --- --------------* I C w? IPIItI9110 I~tkl
I I I 3 I ,- - - T- •- v o
I 431 I I I' List I

| o.rh * I I I PIl~ TO E Ig I 0 .'' 0S•S # IOU? I t esiu T'E LllV O

... .. . .. .e......

C a -a0 5l O I t I * d. 0

* - ---- CF0 0 .#i3 s5 iwA. 0I 11loplat 0 VV. *

ivV, I414. •100. S

I1I 46

159



NAVTRADEYCEN 68-C-0050-2

AUTOPLOW CHANT lY - P1920 NAVT•41EVCIN '4 g-C-00o 0-2

CAMT 7TLI - POCODURIIS

----------

I oI . I I'

/ uNI! TO Nv I Ii I
i lOU I 16I INTFG H

I VIA POUNAT I I. 1 I4otINTSMI '4
0 5 / 101 1

I POOP TIN LIST I It I 4

II IA I ------------
IIe........... .

* NOTE, oIf CO NOTE in

* &estat, AnV, S a O 0e e e.....• AINV . "O. 20 . * Io,.,
* ANI., 'Atoo. V0, O I I0 APO$, 4NOR, left • 6

* Oe0. AMNO, ANi, * I
SVV, tole A*NS#, # 1 SAVE VALUES FOR PLOT%
* ANVI, WVAVE * 1 If IPLOT I

l11U,. ANNE. 0 |
* ANVAVIt, 1o041t I

1 1OS1, AN•AN. 0 I
.. *.*gC* COMDSI I • 2

I I C C h

a 01 *I IPLnT C-'

S----------------:I I *I1/ WNITI TO CV / I I * * I

I 1 I? I I CO0PU1?E W-R * * I

o VIA MO A ?T I00I.I

I FOOP THE LIST I I I O01 I
------ --- *--------------- -.--.

I I W01.1 - I I I CID
I I I I I

I gNotI 04 I I 151. I I I I

I SM, Q I .4o0T 2'
* L|I1, * lit IV., S I IS¥" C I i I * * * •• 0 * * •

S I IT IZ- -- --------------- C)NTIN|II C

* Illo Clio CS. UIC. 0 | I C**C*CM***• •

* US, T O, ZN , ON, * N 
I

* CS, 00, no0, AL. * I* A C I• * 1?I I

0 0 0 0 1 1 • •IF APAY FU!A L M nI

I I I 1 • ?I

RI l TF TO •]KV -------..... .... .... ..---- ?
I IOUT INI$w 0

IV| FOR14AT I ---------- ----

I 4 I--O I I I

I FROM 7101 LIST I --..... . .. . -- )i K "]

ll ORMAN0. INS I I I * M C C

I..I...... ..... I , I I )T tI • I

, • IOSNC, * I,4? WI I • •I

I FTAL, 6 - a -------------------- 1? I II12

A I -2•a £22. Alh . C I I *.I . .I I
16 .o-r. •Al. - ------------ - I

Ail, £13. M. 0• II -I r P4
IeIS . TI L , I.... .. . .. 114.W-I.

* HITMA INCoA1U, * • * S e 14T1U

* I. P.ICVC. 10% ..I- .... 41 C •
I, INoIV I • • - I

• I1S I, li• I C + C I I• IGS ... •• C 2 • •

• *. IC€ 0? * o-,hi C I * *
-- I I I lotI

1 01,
/S W T M I1. e I .Y~L i.1

I 141111 I C NIL? - IC eIB.,

I Vii POCUC? , I II 6 ,I 'i C • I
- - 0 • ........... .... ... S S I
WePlON I4 IS IIT oI * I I

I - - I . . . II I IC01£ '4-

I l OI ~ I - - - - - --- I I --------I - -- S

£ LIItT.•SIIM I I t II

e • l i i............. -I I Rl 0

*CC .C CS S. ------------------- I0 1

I I I+ ! 1 I . . .. . . . ....I A-------- . ---- .-- --------------- II

I INIO V.II
--------- -CII£0

II
II
.. 6...........

160



"NAVTRADEVCEN 68-0-0050-2
O81l10i19 AUTOFLVlW CHANT SFT - 13620 NAVTRflEnVcp¢ *9-C-OOWO*P

CHART 111,1 * PNOCsIOUNI

S2 I @O! I
03-7 ---- I1 - -- - -

I ICWT2.@ II0 I

II I I
I 1-.6. l I I s0

I I SAVVIN,91 - Yle I
-------- - -----

I II
SAVE TIPF 9

I I I

I I SAVE PHI
I I02

I SAVEIK.1I - Y4111 I It

I I I IVII1I,l0I • VY I I
I I I

I I ISAV I AVI save x
I ol I

I SAVFIKo4; • VIII I I I

I I S*VEIK,III - I

I I vlso 01 II - --- .. . ..---

SAVE V I
I I I

I I

I SAVEIK,31 * VSi I I I
S -AVE W...... .. I - I)I I .. . .. . .. .*-C

--I I aVSI", II - II I I Vtlll I

I IIII I I
I oi I

* .. . .. . . .. . . I SA+'P 2
I SAVEIK,,41 ,, Vll I I

I I 4
I . . .. . .. ..- C*e

I I I SAVSIKI|II * I
I IVF p To 0 2

I I
I , I

I SAWi6KS * 761 I ( SAVE ON

I I
F I 1 1

I I -

I6U I I I SAV a.I sI4 * "S I

I 07 I

I 51VSIoI. .• Vil I s A[ OS

SA194 ...... I I..... .... .... l

I. . . .
I I I I

SA I-5 I I -sv s.. ...... -oS

I i
I Il

I IAVIR,?b VE6II I I lav 04
I 5-'' '- ----- I O

I I I
I I l

$1WS THRYAl I I SVllII.II • * OS
I C-- .4

I .I
I 06 I *, ls---bl

o C --......... I +I I aI
I $1VWIl.6l • VIII I Ik ...... . .

5 - --........ I I I(qWp * ICCKSI S I I
I g

-. I

I

I $,01



NAVTWADEtCEN 6S .0-0050-2
OhIO/, IAUTOPLOV CHAN? SIT - f41OO RAVIAOEVCIN 66-C-oo90-2

CMIIT TITLF - PUKIOwMIS

itl o HI- NIi I M0OI OI

0e10 000000

folI

* ot

R I PRO Ti R It~ I

S S 1' We I1I • IC 4To 4- I /•~T TO... ... . . /
* 0lli I- , / W IT •OU? /

SLIS / 1O1UT* 4 I I v i I ' O, q l I

* .. I s1 I
II----T- - ----! • 1?. I I

I .... II

I 11, I NOTE 14

R I LIST * If% lIol 3 l
I I ---- - ,--- -

4 ------------ -- - ----------O • leo4 -s leo o

I ICVIT O g |

4---------------

II I- ?S O I I lo t*l •
I I *. r1.eI t6

* 04 I i *see..•o oeio

*o 4 I 1

I - I A FI t N I

I I F 0 N IDI T L I -- - - -- - - I I * -o

---.------------
I1-0l 1I I aI

--- -------. .. ...-II I I I~1, ICW IttflN T I

---- I IS-----------------
. I I I at

I I .II
I Ps Io09 AI WI

S LI4S00 IP1I I I0 I M
I I IP*0I * • 1 I I I ll I i IO/.;

1 * L................VI -.-.I I 4 5Lq I
I • *
I I, •

I 56ll t Ot 10 I I -I .* '.
I OIUT I' ItI .14

I ! l 1ii I tll4T I I II
I I'I I I I•

/ lfl m II I ....... I......... ,W

I II.P S IS OW 10 - S IJ I.***"**e.... ...0 "
I I IlII I I 4 I0 I II l

I t•liI I l 0I l • •
II "s I g .

I-------------.- I---------------

I I 0 I I S S •

I el toat I I •10 4- t
I I tO~ O IV I I I t*•I I-.

I I WISISA I I I • S I
g ................ 1 g

I------------------1 ---- - Il0+I.°'

tO I '•l I• # lit, . .
-S II IT 0 IV I *att

• @ I m115 I IPI SW? t I I

Ie. . s . e.......... tO a
I 5 - .. . . . . .. . ..

I I IS-l - -

I' v,.a41V1• %liP till I rew It I t I t'*eeUI 4
56it wile .%jgD I4oell 0 5** S 5O e I ••• I. I ISlAVolI.E rlK. iN
FOIllt N I 411 *Il IVIIIli . 0 IS I WltO.Iellt Jl w4

g e ',,Ill, * I III wI
* I *. S4.S4t •• I• o ...--- o----
-- - -......- S I II

II I
SS.. . .. ... . I.

44.



NAVTRADEVCEN 68-C-0050-2
0SI10/•9 AUTOFLO U CH &ART SET - f6920 NAVVIAn VCCN r-C-0+s 0- :

CHANIT TITLE- SUIROUTIIe INPUT

I I IIPUT I I 70 1

-- - -- -- - -- --- - --- --1 I
I 01 I IbOTE II I 2*

0.011---)-1 -- ---------------
I IV • I t 9 COATIVUF 9 / 1*e0"P90W 11eV411 @....... *

---- - ----- . 9.9 • e9 9 - I IN I
f VIA FVnAT I

I I ! IOO
SI 12 II ITO TIF LIST I

* 02 --------------- .----------------
9 9 91 READ P•aIM V I |

* V I IV I IS• 1-911 I VIA IS&? l I hNOTE P)
V lIOP T -9 I -0 1 o * o•9 •••

* 9 | 91 INTO TNI LIST / • L iS G O I . i
S- I ---- ----- a XIP. , Will lVIe,
S9 I I I • I.WO, IJU, XVVI 0

• "I 9 XIIt V1011011 1
S01 .11". I NOT' IT I V 5005, ,mOll, 9. 0|. *9•V99 • •• • • V XVVE, lIVE, 9

S .... • LIST "1 1 nI10411, 101091 9
15ITO 9 IILCI¢III * V • • • 9 V • 9 • • V 9 9

1.01---C 1.1* ....... I I

S NOTE 0' I I
* I I I ! I I I, I .. . ... .. .

S COTIMUE 9 I FRI I 1F91 POM 0EV /

R EFAD F104 iEv I f VIA FrPlI AT I
I / IN / I 100 1

I 04 I VIA FPOIVAT I I INTO TIE LIST I
I IOU I ----------.....

I PFA0 FRO" 1EV I / I T THE LIST I I
IN I---------------

VIi PORtAT . I II OTe 7-
'0 I 099 9 9

1 INTC THE LIST I I ft+ITr I I LIST 1 y111, 7111. 9
---------- - - * 9 9 * 9 * 9 Y9 P9, Y09, Von, 0

I LIST • TO, T n. , 9 I * YVO, y va, Y P ,
• ON, "411 • Y1II, V9a y l* II NOTE os V ICT, Tl, I 9 70..o. Vv,& 9

• • •999919 9 • • * • • • • • V • • I 9 YSTTI, YV. YVAV,
9 LIST - NGS, NPNT• I • YVNP, yflV, y9, 9

V IPLOT. IRUM, ' I • YV', YVVVF . Yr7 9

* NPLT. IOPT, ICY(., I 1'• 0 99 9 9 9 9 99

V NS, IV NISO --..........------ 0 1

-------------------

I-I I IiA F nQ - T

• o I 1 'f I IN* 9 .. . . .. . . . I VIAk F T•"A•

* * I-/I I ITN I I IVtN TrW LISfT I
S 1911 • *-. I VIA FOP-AT I I---------------

• I / O0 I I
9 9 I TINTO THE LIST I I

9 9 • . . .. . . . . I N1ITI )'

* I I 79l'. 9 91%

,,.,

I CI * 9 I 9 LI%'. * 7')". 79!,
* II * I NIIT' I Iq 9 71, 7'91, 79r1,

I .... •9 • 99, • 99•• 9 I , /v9, 7v1, Pc. 9
To V LIST? ITLIII.! .• •• 7A,1''. 7I+Q.

9 1,171 • • #ITT9, P., ,9II,•
• 9 9 9 * V 9 9 * 9 I 9 79w, ilw, zvv, •

0 IY 'A' . 1110 10r,
60 9 0? I • IWF, h, 1W., PnFl •

S I Iq •99999999999I e

-- I9 9 I'll I 9 9)919
9 in) I 11 IV •lTl n I i I9 I s 9 . *I If / IN I0 l via F neim t I ---------.........

9 9 I I Itoo I I -- A ll fel1 0 v `
• 9 / INTO THP LIwt 1 :I 1

--- --- --- --- Vf% FP IMAT1 I
Il- 0 1 I I '30 1

I 1411" . L " I
I I 9N99 9999 9 .. .. . .. .. .

I I1 0T (A..11111 A AI I 9 LIST - 9'l o I I N I
Al I 0 II99 9 l9 9 9 9 I *.99 9 r ,e

-------------------- 9I J 1 ll A 1,
* I I I * 9990,I El3ie T9Ie•

I ILl??T N I 'I 1 I 9 £991 991, 999, 9

I II.010.0.9991 4 I a- ------. 9 •R0. &V9. 414110. •
II Il*I I 1 • 49119. PASTA. 4.V. 9

.I I

1 it,. . .

--------- 110.01
4 Pill 9

CALL will 163



NAVTRADEVCEN 68-C-0050-2
O)1101eV AUTOFLOW CHANT SrT gpq•O IAVTyqAnevCfm 6#C-O0O0-2

CMAT TITLI - SUIIOUTINI INPUT

09.29---"O ---------- .......---
I 01 09
- -------- --- ----------

REA PRPo' DIVf I IAo PROPo ,
I IN Ito IV

I VIA FOAMAT I I VIA FORNAT 0
I 140O I I t00 I

I INTO IMH LIST I INTO THE LIST I

I I
I !
I| f 2r i I I NOTE 10

.. * ... * 'eo e *s :
* LIST * AMOS. A * L1ST : CM0, OS 1
SAPPo, ANAM a,*, 0 I 0 01, RMUo, AL, AN
SA119O9. ARNO, 0 1 0 0 0 0 0 0 0 0 0
* ANVS, ANP, Apo. 0 1
* ANAtOS, AISAWI a I
* ANSTS. Am". S 1 I II
* ANWNAW AM", ...........
* Allow. IYVV, ACmfS, I EAD PRIOM DIV I

a AlOS, I"F, ANINE. • 1 0 IN I
* AINWNA. AINOSF 0 I VIA FORmAT /
* * 5 0 5 0 • A S S I 100 1

S I I III THE LIST I
-----------

I 03

READ F4000 DIV I I NOTf Ii
I IN 0 0 0 O• 0 ! ony 012•

/ VIA F1IIAIAT 1 S LIST - OMIAN.

1 10 3 I• ,TA NI. FTALO, •
MInTO THE LIST i I g ll. Al2, LI$

I II I I

I N(¢0 04 1 V )

SASPO, M AN , | ..................
* ANAA.CIEO, I VIA FO RAT I

* LNAiA, iNCA, ANVO+, | 0 II C LISSAIDAIS, * I , e PPSI 5LI t'Tn LIST I

* ANVA. A mNT. - -I

* IS ASLL. AQNYW. * Ii S JI•|,1

a US, A. , CN. . .. I 1 I O
* APSVAVt. 440*1 I I OTEIA 14 SAVE t411141,

I I S L �1IST * £�21, ~ S PnSSIISLA APSTTII I il?2, All, l * I I 32
I A' I A tO0 I

I ly 4 qf N AS ASSSS! I lItn I SlaTJ I

• P I I I 0 * 0 1 S S

• I, lltd E Il I I I IF iSO O 2

VI vI POISI I I i I S I A I

loi IC I I Is I I f A f S 1S 1 1

I STI1, IS / LI5 SPA PROS tI, /r I I

---- "--------- I% .---------
Sl IVIA A•Aa•T t I 1 1 2'

I too I I - -------

I IT ft I I ImiST HE5. LIST I' - I 1"I T Sl I I - T4 II
------ ------------ ---

. ... I. . . .. I .I .

IN a I I * h Illnot I a 0

I Via PIA 'At ............ I
1011 1 OWA A $one @ A1 I IAI
SI tO I i

-- ---- W14A$*awaT I I lift

I loin #001 LIST P I
I I4 1 ................ I

*So*IS***it l * I lI I
* LIST C. CA, *1 I I I

* UCo IPI* VA. PA I NOT.le IS I
* S S A A A A * A I • S A A S A S A A A A I hAPl llIS.•SOA lAPIq

I 0 0 .II . . . . m. . A %Av DIftIVL* proM
1 0 OSLIST. flu. lit . I

, Ira% AiI 5

I I
............ I 'SN S I

I iR~kfl+ 5**NM1

I I

164 .. .... .



NAVTRADEVCEN 68-C-0050-2
01106/4 M1AuTflPLOW ChANR SFT - ISeM PAVVAA +|t *-C-OOiO-l

CHAO? TITLE - SUBROUTINu INPUT

I 0

Oq.Oi-----

I IN I TI OA

A.....s

IS

--------------
I 01

Vi ll -tTI INOIT I I I

- -----------

AI./ S

ISI? 0

I No

* A

I too MI IA

t , It II

I Das 4.iLf

I O 0 nOLP I

II

-- - - - - - - - -S - -- --- --- --- --

IS? : 04I".. |N..VF p

*---------------I

411 I10 rEVI I ~F 0

/ I". I I< -------------------
t VIA IVSWAT I I IS I to

I 141t Im Lis 401IIN M

-.----------- I Ill4

I / o IMF is I

***A**A** I I4 L4I •4,'.

IIts I to l I

* IF

! *ES IIII Aq l l It

01 l@U$,*O I

* A 0 I*

o * I I A A I

* .... I 'h-Del I
II-/Al * ...........t'A- - -. ... ......

# V.0 1'1 0 IT 0l I I t
I * * .. .. ... .. ..

I l~nt LiST 0 A~ll I It~0lwl l 00V 5

I I 11

IlS lOII'T

I I ~l *m~

I e eel eIii 165



NAVTRADEVCEN 6M-C-0050-2
01# 1010* NIDTOFLfW CHANT SET - 142O HAVT*qlrvCrpi O-c-OOsO-a

ClHos TILn - SUINoflif KNITTAITI

NKUMT 1 / 2 /

I I

I I I HOTif I I Of* OI O I * e . . . . I b ........ -* 0 4 0 0 ------------- -I 3-
* • * 1I I. h I iII VwL H

* • I-I I * S * 0 0 * 0O * * * I O, I IVbPI H0 1 .1 ... '. I 0 .. 1
.... . .. . ... 1

* ~ ~ ~ ~ ~ -*------iI I ----------------
* . I . Z ... .... .

02 I ----- ---- 1 1 I--- --

*I I VEIII *. VIII * I II
..101 I --------- I -- I o4 I1

--- --------I ------9 ---
II I 0 R'+GI l V11 1 T 0 0ll

lotI I ,t- ,*
I1 I l? e

---- --- IND- ---O-0 0 -----------

I @2 I 011l • lISl I .... ..... I

0 O-- ---....----- .-- ---
l.*. • I I I I I

..... 0 Por 11 Ion .

I I * I F i * ; l

I• e *.e~w~ I • * I t

.-........ -------- "a L - - - - - -
l I LIlWI I 11.11

S virI. ,Ia 4 1 1

0 EXI a - - -

I0 1 ------- -

It I . It

II- H I+1 •I•

IF41I1 EV0 5f it I

04H...g *p .
------ ------ * L

II ----I--------------
*-------------------- 1

I 0* I VlEI * VilSi I I * *

SI M ot e If il
lilt - -.---- -

I I
I 0 I

I0- I

I . .I.. Al o i l 1 . 1 ..

II lSI I
I1, I tvpi l II. I 1 71.5l 14 I I 0

Io ,4 I of-- - - -

II I N I 7/95l3 * Veql . so I

-------------....

II I
SI I

I I I I OTII Ii I I /

............ .. .....----

I Il -V l I I~
S) lle I I I I I 3 *4

O I? I• ,

I I .AI UIt I I I A0• • V

I S .---------- -... • .. o S .

I Pill * Pill I 1 S*

I I Sl *Sll*I I t4Ot--ll ll

II I I 'ShIIv I
6 14 I1

I O * S 4 I
• .... • l * q P eVl 0 9 .......... 4

• I II •I *IIII *II I
* '

0 0 I I
* ....
I I I D+.~
II

II
*.- .. . .. .



oil ~ ~ ~ ~ NVTOVL 68-C-0050-2V ,VAIVI6 S.-06-

CHARTlt t' 11116 I'lf

g l-- o-o,-- -----

OllW~F i

* lot

* 0se ali Tion'
* *. .Fll

---- - ------------ O *

010 *' II q 0~-

? I li)T I * -

I- --- --- --- --- --

It I ------
H W IFI I I t

*----- ------ ------ ---- ---

loglo I4I S

fi t- - I1 - -- - -

Iel I--- I I

t I

* I It

...............

..............

*.......-..........

*~. 167I*



NAVTRADEVCEN 63-C-0050-2
o3ilOiA 4t,?FOLr¶W CHART SFT - 0:W'6 0 IAVY*0flFYCFI At-C-OOqf-7

CtHAD ?IF'L - SUlIOUTIlMw OViLIV,0

I EMAL /

I-------)e

PULL PII1SFOT V10l4.S
flp VMIAti.S )UT rilp
4.04T yI

01

u I. v11fill

V * Tillt)

P - YI(14
a V 7114)

1 * 71141

II

I l * 7|171

PHI Y Iql I

II

x V 711131 I

II
Y 11121

t'k I '4

1. I ITmrTAI H

10 1!
I.0 I N,

II

r"'.•"*7 GIIiW IIS T"

I€ V'• ' *id yes IL

I k' " .1 i

"•" a lieu

I * * V*.0 I

II

* d*C II

. . .

Pt~I

II



NAVTRADEVCEN 68-C-0050-2
04110164 AuratLOw CHART SP? - ps.eo NAVTRA3FVCFN 68-0-0`1-P

CHAPT TITLF - SUliOU|t1p (rVALIVI,1

I o!

I w• woP I

I UO . 1190

IPABSP * POABSIPI |

PO - Peoll
I P0-QoR I

Va veO I

0?
I ----I QI~ O

I I
Not -, WON

UP - UeP

liOn TVW * I
I SQTIV2 * U12 I

1 VTvW - VeOROV I
--- ---- -- -- --

I 03

1 AMI - A&SIR) I

UAROt - u41ISle0OR

I UV - UOV
i ~Vt - VONd

nmlU7 - 9ieUw

I lU@ * 01Ue I . . . . . . . . . ,

-- ---- ---------

. . 1 u1u NIT: 1
a, pop a 0 I T 0 0 9 eI 'P 9 fC9I9P

9 AlS a A$S91 I2
I AT . e Ir I ii I

|lc) •*0~ ---------............ •
* OI .. . .. . ...>

* . I ITA *Ir Uw I _

I , - - - - - -

UTvw WAltOTYW --- . .----------

I T W * .. .. .. .. .. .. "-
I I I

I LISA • UA999W1 • I" 9 t&As%...... I --------------- ---
I UAISW *UOAqktI 1 g "

I )0 . * .

1 IM P. I I ......

|II IIA -IIt . t -
I *9 I .. . . . . . . . . .... . . . .. . . . 9.

.SI . ..... ..... I i S I I9 St * 1

I I I ti .4
I- - - -- --- IQ? i ------I I

.......... ........ ----

I -- - I " 9 It &1 || t• It

I I
0 1, I .I . al ' I * S

. ................... - --

.90)

°°o 'S



NAVTRADEVCEN 68-C-0050-2
01/10/69 AUTFLOW CHART 7 - 10970 NAVTRAOIVC0E0 6e•-C-•0OO-2

CHARI ITill! E SUSRIUTINA FVALIYI.Fl

, .. I; - , ... T ..

I i.1*-- - ----*..-... .)

I o1 I OR I 15
---- --- ---- --- ---- --- ---- ---

Al * All I I i RATMAMi * MiASSU I IAIIII * AR -
II* -- ---,- -* I RIR13,D IW

A*2AID I AI
I I * -)1 A4I,21 0.

A3.AAS I A23 I 11 09 I
. . . .* C C •C 0 I S C C I I AIl1 * 0.
I • CCIY RIGRW fI7.ISC--)I S * S * S 0 * C * * I 1(I,41 * a. I

I SI I R tRO I I | Il I l• l I

* ¢CONT IiIIA S • I I-... ... . -..
I I ••• •••CONPUTA YtRIG I

II I FUINTIONS III II I I 16

01 oI I It 411,61 - A4YG I
• * I ---------

* • swt * SSPHI iI l A12.1, * 0. I* C,-,., I
* V *-------------------------.. -I Cpi, CfnSIPHII I I I A2I * AN -

• 2 1 1 1 g gMIOL YVT)
* * -- - - - --. . . 1 1 1 STTA . SINITMFYAI l

• a I R;TVAV , VIASSV I I A12.1 0. I
---- --------------------. CYTA COSITI.TAI .

I -l I . .- ---. - .--.- - I
...-------------------- I

I I I 17
I1 C 1A I II .

S................-- ---- -I I241-- -
I I I SFS1 * SIRIMIDl I I I , OYPO - Alleb

I 04 I* 1 - lI
• - -... . . .. . * W .....I I CPSI - COSIPSIt I I I 12.5) • 0.

AnTVV 0O. 1 1 1 1 I
1 TRG -• rlo TTAOSPH41 il?,41 •- I

*-----------------* I -------------------I I A13.41
I I S 111102 CTI I I IIIHOL4SYRII 4ARSEIP

. . . . .101 . .. . . .. . . .. . . A--- -- 0.
- - I I -- - - - - -

II I I
III 1? I

• ----- ---- - ---

4 I 01 I I A1l.21 O.0

------------------- It TRIGA * CPHISITA I I
0. 1 I 1 A111. 11 - AR

-------------- -I I -
I I I 11.94I i -

* S I I ------------------- S

l ~All.qb)

• I | I H 4O1. *7. lll4.,
I lei I

1 0 • 1 .1•

.1 4 . 1 1 - • Y. I

I 1A14.41 1

I . . . . . . . .. . .. . . . . . . •-

I '114.11 INV I

I| I I Ill~

U~ . II ~ I I 4.01 - -5Y I
61040 I4041I I

--------------
I III *MOtS££S' I

TlY0 Rl - 4"11 0
S. ............. . .

I1

170



NAVURADUVCEN 68-C-0050-2
0111~19AIITfFLnw cHART SE? - Fee"O IAVRAIIIVCPN WoR-C-0090-1

CHANT TITLE -SUB41OUTINE fVALIYI,FI

at I on I 21
-- - - - - - - - - 0~ I ---- ----- *

I I I I FRITO Ht I I t I * I IIIS U F

I HOLAS:mow - I I PANSYPQ*VP@*P@4 I I IXTOREF
I aeA I I II I I QR"I ON I I IAHLS@IAUOAOOR.

II * ----------- I IS OL1IOIVPV@. 4 1 1 AKPWpS *I A14.41 -In eI y"POUP R, imoew R, g I PAPOPAOSPI I
I AA15,5 - IT - I 16 1 A %nOTE 09i IY~l*@RRG I ARIOw' * II RICIOLftANGO I I 1I * 0 * *S* 0 I VVORAVV I I I AUIVSOVO 4

*----~-* I * CnAF4TINUF * ROVOASI I AUWP P
I I e * R . * . . . 6 . AH L *V I U, I II A010114,111 * I

ol I I VAJV*lV INO g 'O'AR 0tU.

--- ---- . 21 N OTEI to I V"wVW I I AKVAVWSTVW.I A45161 11 - sy 0 0 0 * * s * * 0 S SS* osoSUI * II avw
I I I S CONTINUE 0 AORG A.ORAORU*I 4. Is

API ---------cg, **** **~ - - -- -

I A16.21. - I
I A-0.46J'ARIVO) I II I II 7

I AReOX I I I cnosPuTE PIGm? slOt, OF ----------------- s -
II I I AXIAL FnlfF PON II 11NOLG0YROVEU014 I I I EV@ACW II A1A,11 - 0. 1 1 I TAMI * Ii VU siPtt,162

40- s 1 %nI 1 1 ------------------

I 01 I * CIINT 14UF : I 1 I1-------------------- 0 A 'nMPUJ1 RIGHT 110f OF 1I AIA4I - l - -X M ORNAL FORCF PON COMFUTF SIc", SIDE OF
I HOLSOANFII 12I PITCHING INI WAIT FOR

I (0 Iy I 2
*,I.I--IY ---;A 1AG4V :0. T 00 IDF I

I HI.tS'P I *OnL4@IE00? 1 I I 1SA 5S 0 s 0 0 0 CONTINIUE
------------ IPOR I SSS I III

I I RAP IPI, I is II
I I I AQSAQI. I S- - - --. 0 1 7

INVE01 A MACSIN I I 5H01.2IXlMISlui P 1 PH I .R AmsSUa ----------------- S
I I I I XVSV2 I I VFI * In I P 111 - I

I I I EAA5VWOSwI*wl # Iw I 0 R sIAIpop? * I I I XI400 P IWYSQ4 * I
1 ftnt sto 54 'SI Ixnwna. I490 I* lt I I I top - 501*11? I*------- --------------- I I no?' . xm%-SO rv%? I II * *P I IVIOSO * I

I iFS *.000001 1 fA0~5~~ I I I SO S7RV "1*1vs . SHMOtRIAAIPPOPp I
*--------------- --S 2 1 PNSOII *I. I I vP * got;G * I A409047*

I I I A7*'J "I .. 11 1 AQIISS AO * I II W R F * I

------------------ j4 I I I ZWAelTWl sI I I I5QAQQ@AR¶I *
C. I I ~M*SYT * I I R OTVW*APSO * I I ~lASIMSV

I---------- I ----------------------- 11 INo*U1555I I II au sv I

ICI EPII -------------------- 1 IM15 APIS5*PnnTVs * I II lS~ *I%%ST5SI1,4' 1
II~ 14I I uL'e*xvVPVF-V * - I VvSV7*? I I I mos4w * I*-- -------------------- xiewai'~ n ''0U 0 l I"osl 0MwNASSdVw.

I I *------------------- ----- S g SS00IARSW. II I g -- ---- -------------

* I I----------------*----------------

* * g g LETES.0L F IE -4 1O I Z.4 7 a up ----- -------- S
* * 101 I I I I I 11"PlTSIG? *S". I IL ASNWWOAI;W@5rtv I

S~~~ IF - -------------------* -------------------

el" If Ri-M Im n I Iop T vdd 1.. m
*111r *Pf% IO I CflRTINI "n"Pa IPa

.1. I1 * d,60

I *e f InYI U ME 0 -------------

I I ?I VI $*goal I

I ItI

171



NAVTRADEVOEN 63-C-0050-2
A'eT0111tw CHAIT? 11T - *S420 0IAvTRAADCVCPt hek-6ft5O-2

PONT6 hUEL 1- SSUUIt IW4LIYt,9l

1906 --- )s

I oe4IT91 0

1 1111 - 611 19 - I
I I nto"i . Y9S

a aumve 0

io NOses PC ct

1 AUW Uq

I. 1 wuw

COMMIPL TO GE$TI U'

I 04

fi ll . 9AS P. 4I. 4

pi i I .4SP I

I roi*9CPl l

I *T0 440cs

fo ilsolol

I ?mat19"cscI *

I "TotalH . e ia
-- ---- - -- - -

172'



NAVTRADEVCEN -: :-..:..50-2
OI /1019 AUTOPLOW CHANT III - P6l2O NAVTAII•UVCFN 60*¢C-00sm-2

CHANT TITLE4 - SuBIOUTINE .NV0EIh2,N.N.L,I•qFPSI

.---- lq----

* THE INPUT 151313 *

COMAINS THE IgNVTEO S
11i111x A- UPON liIT * *"IHE NLT eO% II o f I01
ST ON E D IN £ IIJi , N --
P(J(N N * I
NI i THE mUNla OF •RONS STONES IN 3*1311 . 0

II IS THE W4lNt OP l-/sIl

COLUMNS ITOReD IN I I
NATRIX A. I A
1. IS THE MAN AmIll I- ..................
Of ROWS ALLOCATED Il A
A. g SO Nis
L IS VALUE Xx IN 20 I IO 0 •
Ol•INSION I II NNIYVII . I
IC IS 0 IF A IS I 43.LNLOK - 1 I * NO
INVERTEO SIUClIIA/LLV, 0I Imn OFDo 0-*
IF EACH OI4AOIIAL I n I 1 LOOP* ? I
ELEMENT I I * 0 I
IS RIlATl IN 1 s41. ADS •11 9 I
THAN fPS. AIllK*AIIllI
IC Is I If A Is NOT *- -.---...------ S .22.
INVINTIO SUC!SSonty. I I09 .
FPS IS A VALUE SA | ISAT
.00001 THAT IS USEO I NOTE II I
FCN SINGULARITY * 0 * ** * * * I*
CHECKING. EIGIIN Do LOOP • I
FOP A DOUBLE N 40AJ.I* * • I OTS IA
PRECISION VERSION *SSS....SS. I ee e•,,,
CHANCE ANS TI D041 IN I 0 116l01 Do LOOP S
so £N0 THE - - - - - T j to a
LITENAL I. 14 I* - I • 0 • J
STATEMENT 10 TO i.O0 1 I2 I
DOUBLE PRECISION A S • 2I2.19---1

0 0 IS 101 • • 17
01 .. J -I * 1* 1

I NOTE. 02
0 I IC. 1 I .I0

0 11/ 1L I NO E 0L I I Ii IK -- - - - - - - - - a

*Z, O -- I I.. . . . . . . . I

IJ O- tl - II*
It 4O.I. 1 I 11o AIK I I I II-. - --.. .. .... I I I I I

-L •lI0t IJ I Ii I I .

I -------------------

I 01 I J .Jj I -ILI J I

-----------I- I ll I I

SI................. I --- ------------
I III I I ..... 1. 1... . . . . I
I I * 11 4 I III ....... .... I I I II

*---------o IJIAIK I NIJI .......

I - - a II LIA 14I
0 lil0 • 0 TO • ý•I - • 9 I ------------------ •

O0• f a

0 ANIIII ----------------- ---- 0tm?06fi Fo -* IFPS * NO 0 90 I OT iNn S .. i. : * *5 Nfl

----------------------- 0 0
11.

• •I I¢ IS ! • I • ISI •

yoI it 9'.
SF11I I I

- ------------ - - -

* EIN 0 ENII • | ***.

I0 Pi

173nl O

173411 11 • II 1t1PIO ~



NAVTRADEVCEN 68-0-0050-2
0,110t~9 AIJTOFLOW CNAI SRT - CR92o NAVTRAOFV,• 64*JC-0090-2

CMIHA1T1r LI - 64,1110 lt11 4 l Tu~,la*o.oqINoMAW, i0?lO

I0,0i---),O

DO.JL I pftICtIs|Dq

"OMLC

00

tL 00
-------------

o-4-.... --- .. . .

I ao".-we

I I

i f PIC11 I

I !j

I ILL * 0 I

-- - --- - -- --

--------------
ILLI.•LLL .3I

I i •.I! c IC

III

I KK * IIC

I III * 0

-- -- - - - -

I 01

--------- >

I JJ.,-U liJ | I

--------.---

o j

.... ....... ...

I i1,0 .1 I+

o................... LI

I IK

I - I I

* 0. I

I11-1 1

II

I J.0a.J J

I I

I • OI

I I I

ID I I OP+
I I

* elI

* 0 II
0 II

* II

0+ 0 I9 S

| J * JJ • | I I -

I I I
I I *

I .0 .

I 0

17 I

1 71 .. ..



NAVTRADEV(;:i'.ki : ,-C-0050-2
O'qlo~qAIl'nflfnw CHa4T SIT - gqpO WAVVI•nEYCO'N 64-C-0040-2

CHIRT v|viM - sUISSIOUTINI :N,*n0tV,IM1

."......".. ,-....---....-
I /

01. I---- - -- ---- -

01 I NOT!! I4
* O

* • I-.Ie I
S ISt e------------- - )- I
* 0 10 I 0q I ! S

* * It I ii I viii Vei *"I

lI I IVALI N I ,?ae~e .ePlli 0
Ilo I. | IV,FI N I FlEl

10 1it I .. . . . . . . -e

I .--------------02 I I t
I I

10 I 0 I NOTE40% 0

4 sees P * S GbN OLfOe e i
i 1-. . . 0 0 40I -.-N - -

III
I 4OTr 0) LOT Go---)I
co e e e *I III

* SteGIwn o InnR 0 e.--.. ...... ... 0 -.

. 2*,0 ., N I C* Ue O F O TO I I -
e •I FfOll INTSM I I 44 I

I ---------- -- I--
--------- --- 1 42 2 .12 l I

I 0' I 44 26.14 I I ,. It---•|
- 4.......... 144 24.14 I Ii NOTYF 14

F i l l - II I - -.. . . - ---. . . g o * * * * a
-- - * ----- -COTI

I! I
70 I o IP OUTSIDE THE RA ,F I

- 5.. .. . . .. . . I • I I?
Fifil 0 0. I 26.11---)I -------------------.o

I 0 CONTI4NU - -.------
I • o Se S e..e V

S.•A

------- - - - '0 N I NrIT IS 0 IF nn IiTM s I
0* --------- - ---I--U

* ... ES/• lItFf S I Y(II VEii* I I **SS**OSSS*• •

* LOOP? * I .S ei•.elIII f- I F I

------- I -------------------

-----------

I . ll l I I 4

0 FR * 0 IV..... ... is ?G

I I

I 1 w 0 N

- -- - -- -- -- - - - - -

I? *I I? * S

I ----- *t it ,, *

I* L1'ISl 0 I

I oq * * I

* ,,1t • ISI * .'.4:

. ... ... . . I..

II

I I'

175ii? 0

175



NAYTRADEYCEN 68-C-0050-2
0|110119 IUTOFLOW CHART SET - 519*0 %IVTT I m CPfI 6iA"-000-2

CHIIT TITLI -.l11U110l011 OVALIIYI,9I

I VIqLS I

26,.09---"

PUAL PRISfMT VALUIS
OF VAIII&GLE $ OF
IAA T1

Vill

01

PI o
I V * 11II1

I H I

T ill*$
I 4.14121 I

I

I I
I TmfviII Ilt

I 0

----- ------ -t----g

I PSI * YITISAII
I PM • VISA I~

I F
I - ---i ----I
I V * TVllS)

I

I 0O

I --- --- -... -. ---.. --*

--------------

II l

I* I CJTUTR '
1. I D W

-o "lo

II I .

COWPSIVE waq17TIE$ Ill
59 UlI OII~ll THIS

I

I OI

I ? * V*V

I 04l

I I

I I7 - 4

I

I *UO SV• 1II$
g
I @1$'? * 41*SU

I

176



NAVTRAD.VC2Z1N ":-C-0050-2
AIYfIFLO CHART SP? - £ AlvTQ iIV e.%kVCePi 6i-C-OOSO-2

CHAIT TITLF- SUBROUTINE FVrLtIvIP:F

n.0-l--- -

I l

PARSP POASIPI I

0P.@ Poo

---------.--

I 0

------- -------0woo o

I I

UP UOP

tonYv -t I

SGOAIV2 a W21 91
VRTAVN - V00C(9(TVW I

I 01

1 AlSA - £1SINI I
I IUAtCt • UeAA.O51Al I

I

I UV - U* V I

I -UQ.- 0 9 II

As fa I - -- -- -I r A

- I
--- I -------- -I

I I P •. *• ,,a• -

I %IITW b 4PryVb II I

• -U I I '

- - - I ------A - --

m out.. . . .. . .0 •u .. . . . . . . . b

9 .... ANI ...... 0 114 f&tfI

A9.................. 1 0 - *e 0
DWI 9 ie ll I 0 4144f. 0

I t lq e. ................. -- - - - - . . . .

I S 3~0l I I Il£ ~ a.~

... ... .. at . At s.. . it

9 I 9 I* I9
I W*AA • IIt I I 99'I" I• |

S........~~............: "'"; L

a,. as allj

--.-.- -.. . . - Il - I -I I . . .

- I 9 I 0119 I 9 LI i 9
I l 9 • • • •

.4 I 1 9 I a IAS' I A IAtl' 9 )
-l. 9 9 I •I •

• • |9 a . .

I *I ! it 9 l I t

..... **.... I.

I ! s

177



NAVTRADEVCEN 63-C-0050-2
O liuw • IAUrnlLnfl CHA4f SIT - 1a,,o NAVTOA')FVCIPI 69C-OnRO-2

CwAll TITLE - SUSIOUTIIF 'VtlII.rflr

-- ... -- -- ---- ........... ..........I? I

01AV I o- I Ii

---------- 
4" ilwIA l ,, U1 I g I 0 *tt •wtASIS I O uau * AR -

a2.al2 I I I
I I......... ) | PA@A O lZS

I A1*A• I! I I I Mini! OR I !
-- --- - o 0 * * - 0- - I PAR , -1 F OAG I

I 41 COlY IAUN E I0

A0 I 00 owl O I I 020

* Co I' 0 l I• I I

* 0 0 0 0 0 0 0 0 0 0 I I CONPIrPf YRi g

I POIRCIMi#1 -------
I I0I I1 I - I0

"I S I si .. .. .. ...I P - .

I I 0,nL4*Y* --0 -1 I I-I 1O- - I 0- -I-I e-V P O - 0c0 e G I

00 I 10------------------------

* 0 I SPOtl , $1RIPHII I1IP1 - -
* 01-1.1 g I IiInLAeYROPROOletO

- -V 0-- .-------.. .. . t I I C HI. CflSIT I I I I F4
I l • O iI I I - - - -A- --
I 0 . . . . . . . I I S i- - - S I II-t AI - -- - -I- -l- -W I

* 0 I I0ATVAV.•Vilify I 9
* . ......... 1 I CYTA * CC#SIiPIfTA; FI I PO * IORYG I

Ilci 0 -0... . . .. . . . g .. . ...- . . ...
-•. .. . . . . . . >III II

II I

I 9 0 Th N 1 70O ' -

I ATA - 0. 1 RK PtSlISI I
---- - 0 ---- - I I I I I I OHOL' 74 0

7 
v - 00 I0T ,

I I TVRVIG. I e II PHI. -I
0 -.......... 0 * 0 0T0I. I • C'ttoiSI l I OWOL4OAEVfl -

-- -- -- -- -- 0 -- - - - - - - - -I paw A meyr. I
12 1 • nt-,1 el I1 103G2 , C AHI I I I

I 1
I I I tI ------- -- -

SI 12 II inlt. O Ild Kp

II TtOIC+I • SPI.IIOS??A I I

I 0-- - I I M
- -- . . . . I T-IG- - -- - -T-- I I

I 04'10& •o. . I I I I .... . .. .. . .. .
* -.... .. . .. . I I 101lC * UOCTT& I ll00l * - #1' I

I I 0. -lI

II
I It"

0 II I I lipu . . fl

01I

* 0 I 9 . . . . . . . . . . . .

0- - ----- - - -- - ---, -

t oI I 0er .- • 54 I
............. .

S Iu• #0 . 'I I Il• - lf +

-- - - - - - -+l • ll t t +• ,e•. . . ........ .-- - - - -I "01i.

I .. ,. I
O *le I. -

II O~ltI oA~O'I
II

0 I ' I I Pl0 " SOP I

- --- - - -- - -

173I

I II *e• I II~
so, .. . . .. ... . . . . . . ..I 0

I I I

I
I o .



NAWVADEVTJ --N -C-OO5O-2
0 11164 401001,C)" CHAOI Sill - E119?2 IIAVp~nfVCFN 66C-(0090-2

Po I nCII of 1 A0 1 holp 00 1
*..*....................

I 
fit? - P210Ixt -

II OI o I NOILSOIAPIOPP 6
COMPUEul UD FORM AXIAL ------ I mlo 2aae
PCOCI 4S .I il*I;.ig I *mRp.P *

1 Vpi I APIA@SOSARSOI *

40 1 not# 0? 1 I lS**P 11 O II A VPSV a

I I 0sev'.iosue. I I I£aSO iW wI* I

I I lwa0saawe~ I I I ANNUw

S----A I N(~aI7two U" * ------------------

I P~tLAio42 *w I I iASUlW*i
: tPoop#* FaOV * Iý I vev I I--------- ----

I Iw"oal. * I ------------------- a -- ------------

HOLIO2au 1a 11040. 0 1 1-------------------a I cosePUTI anuOt
I 12 *A 10100 * I I 'lfRIZI* YAWING *014ft Pwel

I £'uaKa 0 1 I 0 I NOTO 1?
A IUCtK"XI- I I a*Sa

*--------------------------------rFap :*? Paa aa 4
-IL I G IG INI

*----------------a 7.---------I

*-------------------- a *aaa l** II P -S xii

.Ilf I I I I t @ * I

I10& I I I I vmwaaV#

I vz*Iu' - .1- I I I LA~voOVg
sC I -CTp 0-k I I lt0a*P. I I Ih UP & L .

* a * *a aa a S I P tAIPV*~i * I Ii awaaaaimana * I

Sa I I a.V*AR at

pass *Vop I'O vri 11 :,I I.I~~'S U

lya~eva.V~aawa.I --------------------------

v ngot I VA V I II I I- -----------------------

I Omni, 16f Iou I I I I * . 1Ojlft a I oft;,lanw~

0 1 v I si

S* ~ *j s"U4 Pa I----------------------

I C f.~S7W AS I a a a a * I a f al" in a ii t

*--------------------I * '~5 7*P-------------------*Ai

a a a * aa aa a I I vI l~AappI



NAVTRADEVCEN 68-0-0050-2
01110144 IUTWI.OW CH4AT SET - FP1970 NAVTMAOEVCFN 40&C-Oo-i

(,4S1 ?IfL4 SSoItotOU W PLI. IU' IIV#iP, . ILOC,, ,Lf a MUNI

i Pt TUOU /

O----------------- - - -.. . ..--- -04
CI I I OI I IS

a 16111 * *gmg I 311 t o I IYIIAD *

I I11iI1 ,1et4,4, I Ii I~flh0111 ,4,4,O4,9 9 I. . I9II P4*le09,4, I
I 10,9,4,01I I 0,4,01 0| 0.,401

I I * - 4 If

I ll121 IIl I I

I .. .. ... o. .. . 14 g0
. ---------- ----- ---- --- ---- ---

III I
I I II l Q*I I 1

-I--- ----- - ------- --.......-- .
SI IYiai~ I I I lvIIII - I

I I I Iwlul I',%1l,SI, I I I I'119l12,4.14,2,4, I

I 01 I I 14,%1,2.11 9 I I 0.4,C0 I
I o * I I

1 IYIII. I I I I

I 0,4.01 I 9 I I
- - ,----------

II I I I
II I I I

I I 10 I 1?
u --- -- - ----- -------------. ----

I I I OIN). I I I bIYlI6e I
I I I IIIF11I1,?,14,T. I I I INPEII2.4,I?,'.4, I
I 0 1 12,9,4,01 I I I 0,4,01 I

- -- ----- I--
I Inn'l I, I I I "MV - P . I
I l II.F114,4., O,, , l I I -.. .. .. . .. .
I 0e,4, l I I I I
'-- - - PHI II II I1 is

I I I I .. . .. . .. . ..

- - -I It I I H
V I .- -.. . . . . . . . 9 I I SCILA H,

I I I tIfll i * I I I (ISAFII,II, Hl

I I I .E~11113.7ll,, I .1 I 6.0.'.I 1YlIV, H1
t 04 I I ~121,9,401 I I I I H

I vI ii11- I II I I

INFRI314.i,'I 04I O,'..II I II Ii l
S. . -.. ... ... . . . I I I . . . . . . . . .

I I 9 ...... ... .. . .. 9
0 I I -I

i I I 12- I I

P II * - .I,%% o4 I I• . . . ... . . .I " I I l 1 1 1 1 I I i170
I m I 4 , ., 04. - -.. . . . . . .. . . . . . I -- - -- "

--- -- - - -- --I P
I . I PI

II' I444.., I I I I I 7
I 0.4.01 I I I I I .

IS - s I V lll~,•l I • * -I•IN 9l
I • IIf,,0 I I • • •I I--- - - i --------

I I , ,I' I I *.. .. . . . . . . . . r

- I * - e, I- ) tni

I .. .... .... .... .*• I * B'J I if t1.1( 11 9

I I I04 0 I . . .. .. . .. ..I

-- -- -- -- -- -- --I
I I I i * I ,I I•

I .. .... ... ......I ----- - 9
... ... ... I...I oI

0 - * I 1 I II ,Jltnr, lI•I

I I I
I I l I I Ie-

I l•l 'e + 0 l 0

I *.' II * I

* I . . . . . . , oII

...............

.0



NAVTRADE, ,E*.,.'- .'3-C-0050-2
01/1O/6A4 AllTOFIrOw C 1t 11 -sit ', 64VT#4iIVCP. *.-r1-041--2

CHA1N TITLE - SU OYTIF Y1 LTROUMAYV,4.ILOC.NI1 1311l1

10 I OT: .

I 60 to0

0? I ! I H• . . .. . . .. . . I I I PLOT H
I I H I I sI.•, - H
I I •¢AI9 .4 I I 4,40, - 211 H
I I ISAVEIIJI, H I4 H
I I 4.0,1K,I, IV,Zl H I -- -----------------

II I- - -
I I 4 . . . . . . . . . .Ii

I Ol I ICIL.- I09 I .- - .

Axis H I ----------.
I O. 0.,OO..IyI I H I I

- H IAn 0 12
I I4,.flf.0.AI~mV. N
----- IO*-------I H I 4

II * n10 O A-.
I A LOOP? 0 I

I 04 I S I

II H I I I.VEI J 'fI H IYI$ . '1 *I.
I I I2*O.).U. IYIJI H I • +'• •
I I ,4,+. Jtqo.o, )I I *..**

I PIV ?I H I I5 -.. .. . . .. . . • I

I '1.23--- >1
SI I

i I O •A 13
* .. . . . .. . . . . I A •

I 1) * to
I I -- - - - -L H I-. ---- II I I A,.0, .0,1i H I+ *

I I H I* * . . . . . . . . .
* -.. . . .. . . . . I ' * II I H

- - - --I I -- H- *

I 110 l I I Ito - H

A -.. .. . . .. . . t I I H

N . I I 1
I I-- - I I II1I

Ion? I . . . i -

---------- - I I * CFllT
I P I I - -Ot -
I I 'u • FR H I I 10.0, - HI I l-o.(, -- H I I ,?A,?II H I
II ?,,3, - H I I H I
| I ?.0,11 tuIN.~.O. 4+ I+ ........... I

I - II .4 II

l-I I I
l4

IIP I 5ll It I II t-

I I l I~i Itl . I ll

I

* -. I l I

II - I I
I 

I -------I

I a ISAVIIIitI.-4

A,(1 I I I1 1
5 - A I lII

I 
I-I I 1 1 I I

* CC I

* ... I I...
I it I

* ft I I

I .. .. .. . .. . I.

----------- II

.. .. ... .



NAVTRADEVGEN 68-0-0050-2
01/10114 AUTOlpLow CH"IlT slIt - I1114Q2O NIVTRAtOVC14 64LC-000-2

CMIIT TITLE - 1U OUT 'll CONT1T I*.lm"A)

-------- I

to COl1TIIOL " *140K Do OOV"
FORl OVMIVAIC€IOWIT I01116 ..... ... . .... - - --

I I'* A- -..... .- - ..
I OI I ll .. 1

* o I I16.

* 0 I 0 - - -

. - -4 -- I0 1 II , . .. . .. . .. . .. . I,,IA+. O .---) I
* 0 IA I 1 T* 01 ) I I'

* A *..-------- ------- 0-

* E TI I 016 16:006'1I

Il-J, I0I 3e.00 1

I • .... .. . . .. IA. OCo 1 • 4,
0 I + l* I $I

IqI P0*16 .. .. . . . . . . I +
1.......0' ~ * - ,0 I *4

-li I tOOl '16.05 I •
S....... I +1001 1I.05 • • *-S

I 110 " 4,.00"I4 -

I 1)1, 41.02 I S 11161 - NdC *-.

I I00? 4,S.01 I 5

I 1 0 0 "1 4 .* . O l A S
I IO'+ '5.071 I .

--- -- - - A-- --

I .0o3.

I IIF nittlInE 764% RAA1Gf: I
I I

I

16.040*--•1
I

1001 * ' I

• * .tl~ I ............. I

* 071 I

I 1 I o ,0I
1 2 "I. I I I

Ildi S - S I

I I , , ', I. , : I I n,

* 1 1- I' I I I "3 I~V Ll
I ? !
I I7I ' I I -

Il I1 04 ' t i17.00AI1 . I

I I.' I

-- i--------- -- I- - -Is--14T- -T '- -

•1 , il I I . . . . . . . . . . . . ..

-I .I

Not, I

S. . . .. . . . . . . . . .I

I 11
II It

N.%. '. .• I

I ./1" a ..a

.. ...... 1, I '



NAVTRADEVC7UN '3-C-0050-2

•'llf(nFtiv CN&i SFr - Fllymn NAVt9AfVC-

NHART fill T - $U NMfIiTINIF ('1lN01 11"1 fal

16.O.---? )

* OI OS LFVFL

* * 4-1 I t0 I O,C *8SITNFTA| - *-.... I * ...... .....
41 •iWNAl *t I I Nt •t.6

S' I I I

1o *. I ip
I I ellI I I C o 0

I I * C
I I I
I I S 'S- ? -.t+

-.-- ,----- --

I II I-, .';18
I .0?.
I I

13+•

I I

I I

I I It I I
I I (: IN N •

M~iI
I I

*• IP

S.. ... ... . I ... | 10
011. I I

I I

0 ol,- C I
II I

I
* I 0' I

SI

N*| I1C I I I
* -.l •"IIr ( I

II I

I I

* S
* * -Ill

I 1



NAVTRADEVCEN 68-0-0050-2
4IUTOFLtnW CMA@1 5(7 - imeOt NAVTlAnrvCrN 41&C-00o0--

COIII? 7tTLI - IUM"UTII| r¶plTlTU(TAI

•.r4? qnL 04 * n to .ms nF
&I~fl*r IL OT DIwa~x

los0 I II

U0 * 0? I•

* * II
* 5 I-• I IOW • 0

* S 301 I 07 O I

• $ ..... ......... ....----- - - i

0 0 ----P----fG--T- I--01 I

I 300 1 0. 7 . I
- - -0 - 0- .O*- - I 0 0 - .]'I

I 10 1 , I,1.1 II HOt 1 2ICYC
a104 no 42 1 1 ...---------------

S- t0o - - - -4 A I I
000 I 0I 10 1.0? I O I

. - - - -.. --------• ! -I

I ITI O. I * S

I~~1 9.TI0 II 4

I I . M -- I

I onR - LAOOrp*s xi If OUTSInF T4F SANGF • IOWA - NC6
I I

Witn lf I.07---). • S

l I-1 I 6050 Ifhil" )* l I I 11l OI • *

.. . .... . .. .. I. - - - -So.an I Io . ."1?."

1 04.. .. .. .. .. . I . 310
II I ..3M2* I Is I

I *S0or~l@SICY¢• I. I • I -

I --- - I-/----
I04 * • *1| - N3I0 5-.qj.O pt04Aolivrfl. I ---- -------

I I41•1 
PIIC0 .

I I

31 16 111 I* • S * I |
• !. .. I

()0605*RICYC/I. I I *I . Q * .

I 0QOS 1 * .4 I t tO •

SI '0q) I I
III

IO I I

-- - --- -- - ---- -- -- -- - -- -- -

I C¢: *

I )*l5**h• II I =1

I II 11 • 4 1

I I I
I 4 . I 1' m I 14l

-- -- -- - - - -- --

1 .. .. .. .. . . . . . . . . . . . . ... ....

e I I' *1
• • 9 , I I

. .. ... . . .. .... ..... .. i ....

1 1 ,
* ** I "-.I

* ,*S S. ,.1%*

**II. , I'0'

* . . - * *0.*•0*

* .. .. .. .. . .. .. . . .

I l-I I * .0I'1

I * .*

5I !

55I .- . OS ) I... 0

•It. I '.

S.... 1•L



NAVTRADJ-•W ,"-C-0050-2
0 / 10164 AIWLflW CHAII Sf? - FSqr) 4AVVqiflFV(C. 44.C-4010-2

r'.HIaa lTLtF - SUAI(1UII4F C1'INhIIIIYi

-- - - - - ----------- ...... .. , ........

10 ... I .. . .i.. . . . . 0.. . .

I I I
-a.O ?---) Iq.*)? -- ), 18.07---.1

PdPS? • N? *I i I q' • I I I Pi' • .NN *I I
I . 4. I I 0.l I I 0lf I

I ~ a 04 1 a? ~ , I| Ol•n

OR no M FI oo -MOR?/ICTC I I lIcyr I .91ICYC-- - - - -- - - - - - --- - - -- - - - -- - - - - - - - -

* 02 0 0 04

10 1 a a - a

* Nq? - 4C? *-. * N~41 - NCa .... * .... • *49 - Nd'9 *
a I a a • ,

100
I • I0 . II
I .... I II

ISOI I I

I I
I I

FAPP40 .qi Yr .0? OF Il *? " I F LFrVFL, ORqMAN

*I( -------------

1 I

III I I

I I I I q• * ~

I I *- 1 3------

a/-- -

*.' i II a ',. iItI* .
- - - - - - - -

- -- 
-- 

-- 
-

-- 
--

* - a * *

:8.20. a a.I .



NAVTRADEVCEN 68-0-0050-2
01/lC/A• *IJVOPI1W C~aqy 111 FS9?rn NAVT~iflFVC•t4 6q"-OM0O-7

CHANT TITLF - •UWmIfn'-.F t04TaIIHETAi

AUTOPI L0I

Ott O .00.011C II - ---- . . . . -- -----

.01204yol

eSINIVtTII - I

2.0,IRi

10) 0 0)
* 0

* 0

0 0

0 n.? .41 0 - -

* 0 101 I 0

* 0 ---------.. ..... _

II IO).l

* S I I 101 I OA
SI I ..............

e* i6,, €I I I I T - 10I0 %C - I
* n ~- .'1 e* I I I fi |

M * I n%.

* 0 . I . !
I ....

jI I* I0 5")-? - •,ltl I

.I 
. . ..TI %nnT i

I 0I

1 0

, I

I



NAVT•Ai)EV.,', -: .i-C-0050-2
01110/•I~A-m tino •C T m iT - 159pO NAVT*A0FVC5N 49.C-0050-?

C•4AT ?lTtF - SUSRMTYIIl' ITO• 5 IMl A)

I
,00---) I

Ol
--- .............. . PUBiCII THFTM A MC TIO0 ?

OSC - .416 I ft FREfWIEmcv sTUOy
S ------ ILOPIGI Vl5I NA. I

I-- ----- -- - .. ... 0
I *36 I Os

Rol 011T T H V 1

.40.06. / 7
* . I VIA AMt A,.

... lot I '.)
I F/mo '14Tr LIT I

II SYlOT I
---------------

I LIST Toll. ,
TIll

(OMiRCL CS IIMPuLSI. InI I it

I1GI1TUO IN0 L ................-----

I 04 ;4- # I -
16.04 --- e -------------------..

I I
1004. 0 07g

. 9 I I

* S I-tI

40 '11. I1 1I0

6 N4

*0 0 I I Mos I I

• • J •...... ............

* S ! I, I I

C *1 - I M

1101 I1I1

I• I * I .. . I .. . Y • • I I
•* I II I

I I I -I

--OI- -.......-------

I I

I -'S I 06

400 1 I- '1 •

*I ,* 4 ....I • * - . I I

* S I I 5 .- I
* I S'! I*I

I I I01I

, *lO . I * . -

IS..........09-- -.--. o
I ~II

I til * 0 .* I

I 9 I

I I 1-116 5 I

'II I '4 5 . 54- 151 5 I



NAVTRADEV•EN 68-C-0050-2

O1)iO 5 119T09L.W €NAC1 Sf? -1169 AI4VT*A0FItPri C R-C-OOlO-l

CNMIT fiTLi - IIsw oVIUl rfV"TollA TAI

COMMe of d 4.4IIIl , soPU0NC PNI iW tIME
LATIMRL .40i PRI@OUFIYC

STUfWILATEIAL I

I . .--.. --

Ifts 01 I 506 I ON

* A I . VitI Tfl FORM Tf
*I 0 I-I4lI I N

* IEP 6 .... I / VIA PO~lKAT
* 0 I . AOl

* I I FRPOO TMP LIST I

• I N I
I II 'sare a'

I LIlT 1101.
I I I S fill$

I I iI

500 5 ON ........ I
• I I 51" I it

* S I I I I S $ - Sq *

* 0 l i*II I Ii.s

----- c----- --- --- OI g *-

I *I II I 04 * I1I

-------- - ------- Ilei

-------- : ---------- I

*II I I ,IO

I w's.3Zl I I

----- --- - --- ----

-------- ---I-
-,------- A qo- •- - -

I* lo - - - -0 l S * 5 5•

I O vT• I I l l S S •

II I ----... 55-NlTI S

I I.. .. . . ... . I

I I *
. -I O •D I I

II I

I -lq nq• ... I

I .- I

t0 0



NAVTRADZEV:,•, :. 3-C-0050-2
10LmrwLnw c waeT sti - 00q9O gyvOean1•VCPd 4.@4C-OO1-2

?IIAMY 3111' - $1|mil•U?|N9 (fmglP,?HrT0

I bOA .

Cch,.rI. ACCFLIOECIL ------ -----

AUTOPILO? 4.
L II

1IO p ~ n n i I -- - -- - - -- - -

.00.1 F Oil . -
* 07

110 *40 1-. 11f~)

---------- 11 40 1I 0'

* 0T 0 i ICNrnlMCtL • 4 I

U I*1T 0ICO U " 2 |

I IF Po 'mA I

? IO 00--41.080ol. I

I 0' 4313 I*
I00004 '4.041 I • 0

IC 400 4 4.00 a I ----------

I . 1 40.0l - "Ni -0 1

11. *0 I 0.
I I . . .. . .. . . . . * N 1 • 0I I

sw.. I Iu~ rO ? I . . . . . . . . . .•
•! I I II', .40.

0P l I U T I ?4.. ... ... ... ... I I * 0

I0.I

-- ----- ---- ----

4 0 II 104 4I 1,* •

0I0,

.0..4.0. 0 I ski. --------------

N• " I • ...................... I

I * 4•I

'ICII . I 0 * I I 4

N411 I I* ouM'lrI I' lI i *G* .I .

,IS,.IC | ,, oT I I * 0O, . 0
I * .. I II

UC .3. I;r S * I IJ'
* -... ... . .. . ... . I •

$OI * O I I| * I II
I . .• . . . .. . . . .... I

'i I*

* I

1O-151 I I' * I.I*

I I '4-4' )

NI A •** PtI * 14EO- . ........

I .I • *

I ,.D'.'.o'

I I I

* S*

• I

I a

@11 I' . A*.*!

1 " II•1 W9



NAVTRADEVCEN 68-M-0050-2
O~t111 11011`L01 CNART SOT - lEe*0 NAVTeO4'nV.FpI WAq-00qf.

c .. .... ..... .... .-. e-

,-------------- -- -

................ ---------------
• t,14*--------------------- )

I I

8 6 05 1 a 01 (
..S *-.. ... ------------ --- --------------.e --* 0' t 1 1 I' 0 0 01* I O

S......? 
NOI ........

* S * • I eI • **0.! i I I l
* I I I 0I

! I I

* •e0.-* |I. 0--- -----------

61 •t• I 0' I .1 0? 6 I 08

---- -0------------------------
...... iI.... * I0. .* 4I 8667*888

* .
0086 I, AlA

* ''4" 0
*. O ... I .

WE 2

* S I 8 *

•* I 0 ,
° ... ....

"I ?I I .**'I

l9 9



NAVTRADEVUEN '-A--0050-2
O1l1O1*q 4 eml#I.OW C saeT $r - F*piqo *AV1ilrlfvcr!I 64q.•-0o0O-2

I I 0

("40 1-L uau fff C 111Fa

• *,I0 -- )1 + ..... ...... .... --

* 9 I----------------------- 9

..... --------- -- ..62 1 001
• ! Sl41 • ..... ...............* 9 *31 I 0 1 I

* 9 I I I0
* I Ie + .

lII*/9 t L+ * *2.?15 I I
I I I ... *II

+ I *'9117 * 0 I
0 • .. ...... ....---- ----

;I

of I• -- -- -- -- - -- -- -- -

10, ? O5P5? I +* I

10, In

• .'*.•- I 1451 * - 41 *h K I I

.--.-. - - - -

I . , I

---- I? ------- ar I+ 
1.p.

SI I* 9 I-* I+ ? • .<

eI
* 9 I'6 . 9 1 19

* ... '. " 9 ' ' " . . . . . . . 0 ; l

II *I9 19 • * -'IIII!P . "
I ' I -T

h9* 99 '0 ... ... .. .. Is

III 'I' l? 94 1 .t I

-- --- --- -- --- --

I ?<)? 45.I1 1

I 0.3 40.5w I

9-9'

,fl I 09 Ill 1f;TH lll~

* I -. . ,I~O

-----------I 111 " '0.lY+' * I 14I0

I 91' • | IV11 • II I I

I '~ I *•l I I 'uIl * 9... ... .. ... .. I

I !
* I

I 9 .7 .I•

I •I * /.+' I . 9l S r l -
I I I-Il

I 9f .

I I. .*I . * +

I 1. - i C'

• 4liI +* 'i

S+ I
.4 .• I

* - lk.I .

- .. 9.'

1911



NAVTR.ADEV'DEN 68-C-0050-2
O11o~AIIT0FLrIw c140T scT eatin N&VTQ~nEVCF00 64-C-oWc-

CI4AP? 1ILF - SUBACLJINt Cnfjl~ mVdT&I

01

I UC 6 2.3229

I N414 - 0

45.10-,

703 I 02

* 01

NN* - *1

* 0144 - C14 014

S04

- ------------

192**



NAWIjTADU&CN 68-C-0050-2

JO'R IC790
/1 EXEC FFOPTRAN

DIMENSION Y(6)
DIMENSION SAVE( 1009 8), 9 LOC ( Ph ) 9 FF(3OOO)
REAL TY

COMMON H,N,TSI,NPNT

COMMON TLIM, RHnL?, RHOLA, RHnL4, RHflL9 WMR, ETA, FTAM1, TSW2
c

COMMON XQQ, Xt~rl, Xw~, XUU, XWW, xDSrDS, xfl~r)R, XWWE,
1 XDSDSr-

COMMON ZQD, ZWD, IQ, 1AQDS, ZWAQ, ZSTR, 7W, ZWAW,
I ZAW, ZWW, IDS, 7rl!t 70F, 1WF, 7WAWF, 70SF

COMMON amQD, AMQA~O, AMWn, AMQ, A~mAQflSq AMAWQ, AMSTR, A'4W,
I AMWAW, AMAW, AMWW, Amns, AmDm, AMOF, AMWF, AMWAWF,
2 AMDSF

COMMON Iy

COMMON CW,CB,tiC,XR,79
C

COMMON DS, flq, qHr, AL, AM
C

COMMON FTAHY, FTAIO, All, Al?, A13

CnmmnN A?l, A27, A219 All, A12, A33

COMMON xG ?

CO4MMON TIMF, R1, nEITMiA, SW'4AX, R?, nELTMT, nSF, tt.Yr, NS

ICYC =
PI = 1.141901
tC'PT =I

lCPFN =0

46 CONT INUE
CALL INPUT

4q CALL DPflTS(PIJFF, 17000, 7)
IPPEN = I

SO CONIT INtJF
NIOC-1 A

LINSPOz-SO9
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L INS=99
I PAGF=l
WR ITE(infUT,24) IPAGE
ICNT =NPNT
ICNT2 =NPLT

C
C COMPUTE RHO * L CPNSTANTS

RHOH RHrl * .5
RHOL2 RHOH *AL * AL
PHOL3 RHOL2 AL
PHOL4 =RHOLI At
RHOL5 =RHOt4 *AL

C WRITE OUT H~flPODYNAM4!C COEFFTCIFNTS
C

WRT(OTIxc~nAOU#W#MQQXQZmnxjjZ~),MI
IXWW,ZWAQ,AMAQDSXOSflS,ZSTRAMAWQXEOBDB,ZW,AMSTR,XWWF,ZWAWAMW,
2XDSDSE,4AW,AMWAW,ZWW,AMAWZDS,AMWW,ZD)i,AMI)S
I FORMAT(I H IXQqE25T4'QITl~?qT6'QITlE?5
1/iM ,'XUD$,TQ,Fl7.5,T44j'7Wr)', T51IF12.5, TR6,''4QAQ', Tq3, F12.9o/

11H f'X1JU1,TqE12.5, T44,*7A0PS',T51,F12.5,T9qqMQ1, T91, F12.511
41H 11XwWfq T9,E12.5, T44,*ZWAQ' ,T9I,E12.5, TR6,'M4Aols1,T93, E12.-,,/
51H ,'XOSDS'tT9,Fl2.5,T44,'ZSTP',Tr)I,EI2.5,TR6,'M4AWQ', T9TA, F12.5,1
61H ,'X0BDB',T9vFI?.5,T44#'?W9, T51,FI2.5t T86,'MSTR', TTA, F12.59/
71H ,'XWWE'tTq,FIP.S,,T44,IZWAWI,Tciltfl2.5, T836,1MW', T93, F12.5,/
81H ",'r)Sr)SE',TqP12.5,T44, 'YAW',T51 ,E12.5,T%6,''WAW' , T93, F12.59/
'Q1H ,T44,17WWI, T91,P1.2.5, T96,'P4AW', Tý,3, F12.5,/
ANH T44,'7fls', TciltE12,93, TRA.'MWW', T93, F12.5,1

WRITE(TOUT,2)ZQF,AM4DB,7WF,AMQF,Z'--WE,AM4Wt Ir-, c- AM WAWF AM Ds'F
2 FORMAT(IH ,T44,'IZOP'I, T i! ~,F1' 5, -, 16 , 0401 1, TgA F12.9;,/

WR JTE ( OUT 03) tyvCW r,CUr ,,xR, zp,ls ,lR,RHO, AL,
lAM, All, A2!, VAM, ETAHf. ETALfl, A17v A22.417, XG, 76, A13, A?1.,
2A3-3, H

3 FORMATtIH ,T239'IY',T30vF12.5/

2T659 'X'R', T72*Fl?.59 TI 07, '?RI, T114,F12.5/

4T65, 'RHO', T7?,F12.5,TA6, 'L', T03,FI?.S, T1079 ''4', T114,FI?.1/

A T986,'ETAHt',TQ3,E12.5,TlO7, 'FTALfl',T)14,FI?.5l/

AT65, ' 1X I 1 T779FI2.59 Tlt)7,IZG' , T114,FI7.5/

ATAS, #Hot T72tF 12,5)
WR ITFI 101T,4 ) T IM1:9 RI, FlL TMA, SWMAX, R:), lFL T-41. n',F, qC Yr , Ný

4 FOR'4AT(TH #TIMF',TQ,FI2.';,T23,'Rl' ,T30,Fl;'.';*'44,fnFLT'4A',TSI,Fl?

194
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2.5/1H ,'DSF', T9,Fl?.9, r44,'IrYCI,T51,I?, T65,'NS', T7?,I?1)
WRITF(1OUT,';) IROIN

5 FORMAT(IH , 'RUN Nfl #' 19/)

C COMPUTE W-B

wM13=Cw-CB

I SW2 = 0
A9 CALL !NJTFC,(Y)

C SAVE VALUFS FOR PLOTS IF IDLOT I
C

lIt IPt&)T)9,12,Q
q CONTINUE

C IF ARPAY FULL DCNT flVFRIJN

IF(K-300) 62,12,12
63 CONTIN'IF

IF(NPLT-ICNT?) 52,5?,91
52 TCNT? 0

K =K +4I
C SAV'E TIMF

SAVE(K,1) =Y(6)

C cAVE U
SAVEIK,') =Ytl)

C SAVE W
SAVE(K,'l) Y(2)

ri SAVE 0
SAVF(K94) YM3

r SAVE THFTA
SAVE(I(,5) Y(4)

C SAVE I
SAVF(KtAl Y(;

r SAVE D;
SAVE(K*7) n

r SAVE flP
SAVE iKA) DOR

r~l ICNT? ICNT? + 1
12 CONTINIIlJF

16 ICNT = 0
!F(LINSPP-lI NS)~O7O,?0,-

I PAGFxI PAGr,1I

?4 FflR#AT(IlHI , 7X 9 C7901 , ?AX, 'SIIMARITNF S IM111,AT Ir~m, w,I"I'rTTlintNAL Fp FF

WRITEIM¶T,29I

io cC)NTINIIV

I i) F0RA*AT(tMOq,fW2X,FlA.6v,)X))

195
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74 CONTINUE
LINS=L!NS+2

17 ICNT = TCNT+I
IFASS (V(6 )-TL IM )-H) 35, 69q

35 CONTINUE
IF(IPLflT) 40,46,40

40 CALL PLTR0!J(SAVEK,1LOCiNLflcqIptN)
GO TO 46
END

196
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SUBROUTITNE INPUT
DIMENSION Y(6)o, II.OC(8), YHOLn(61, CrP4(21Q)
FQUIVALENCF fcflmti),H)
REAL IY

COMMON H9 N, rS1, NPNT

COMMCN TLIm, RHnL?, RHOL1, PHOL4, RHnL5, WMR, ETA, FTAM1, ISW?

COMMON xQQ, xIJD, xwQ, x~tJ,~ xww, xPsO~s, xfl9D~ XWWF,
I XDSDSF

COMMON ZOO, ZWD, 7Q, 7AQnS, ZWAQ, ZSTR, 7W, ?WAW,
1 ZAW, ZWW, ins, ZnP, ZOE, ZWF, 7WAWr-, 70SF

r
COMMON AMOD, AMOAQ, Amwn, AMQ, fAMAQnS, AMAWO, AMS;TR, AMW,
I AMWAW, AMAW, AMWW, AMD)S, AMrg, AMQE, AMWF, AMWAWF,

7 A MOSF
COMMON t

C
COMMON CW, CR, 1.iC, Xp, 7p

r
COMMOn, DS, nq, R~fl, AL, AM

COMMCIN ETAHI, ETALrI, All, 41?, 413

COMMON A21, A22, A73, A31, A3?, A31
C

COMMON XG, t

COMMON ILCIC, IPLOT, IRON, IOPFN, NPLT,TOPT
r

CCmwVN T14F, RI, OFIT'4A, S;WMAX, R,', r)FLTMI, n-,F, TCyC, Ns

IN
IF (IOPT)150,95 ,I50

9 CONTINUF
RFAOIIN,501 NPNT, [PLOlT, IRUN, NOLT, [OPT, NvS
IF(I TPLN170,0LO,7O

6? CALL PjflT(S.O9O.'),9'Qq)
014 rONTNIItF

CALL FXIT
70 CONT[NIJF

PEAni tN mii ( UL!rCf[ I I oI I )
SO FORMdAT(16t%)

RE An I T'4,1301 TO, 90, TL 14
m. v HO

Y(61 TOl

r. 197
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REAniTN,I0O) xQc, xuD, xwo, xuu, xww, xDSfls, XDf~nR, XWWF,
I XDSDSF

READIUN9lO0) ZQD, zwfl, ZQ, 7Aofls, ZWAQ, ZSTR, ZW, 7WAW,
I lAW, 7WW, ZOS, ZDB, NQE, ZWE, ZWAWE, ZDSE

PEADUIN1l00) AMOD, AMQA0, AMWn, AMQ, AP4AQOS, AMAWO, AMSTR, AMW,
I AMWAW, AMAW, AMWW, AMOS, AMDB, AMQE, AMWE, AMWAWE,

2 AMOSE

c

REAOUIN9l00) IN

REAO(IN,100) CW, C!"; LJC, X9, 7P

READ(IN,l00) OS, PR, RHOl, AL, AM

REAC(IN,100) ETAHI, ETALO, All, Al2, A13

RFAD(IN,l00) XG,. 7r,

REAO(IN,100) TIMF, Rj, flEL'MA, SWMAX, R2, r)ELT0I, DSF

C SAVE INITIAL CONDITIONS FOR POSSIrLE RE TfPF

n0 110 1=1,6
YHOLD(11= Yfl)

110 CCNTINUE

C SAVF CS,fl' FnR POSSIRLE RESTORE

DSHCLr) = I
rBHCLfl OR0
RETURN

150 CONTINUF
r
C RESTOlRE INITIAL VALUF5

Is7 rONTINIIF

C QFStnRE INITIAt r)c.,v0P%,H

OFAC(I14916S) IP11*4

145 COPMTvINIJ xv:r~;
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IF (NDEX I 90O,170, InO

17C RETURN
180 COM(NDEX) VALUE

GO TO 160
END

Q99
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SUBROUTINE INTFG(Y)
DIMENSION Y(1), F(519 F1(95)
COMMON Ht N, ISI
IF( IS i )30t 10300

10 M= N + I
flO 20 1 =19N
F(I) 0.

20 F1(I) = 0.
ISI = I
R ETUR N

30 CALL EVALI(YF)
00 40 T = 19K

C
Y(I) =Y([l * .5*H*(3.,*Ffll-F1(1))

c
F11I) = F(!)

40 CONTINUF
Y(M) = Y(M)+H
RETURN
F ND
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SUBROUTINE FVALI(YIF)
DIMENSION YI(IbF(lj
REAL IY

COMMOIN H, N, IS1, NPNT

C COMMON TLIM9 RHOL?, RHOLI, PHOL4, RHFILS# WMFl, FTA, FTAMl, 1SW?

COMMON XQQ, XIIO, XWQ, XUUg Xww, xDsns, xflhnfl, XWWF,
I XDSDSE

C
COMMON zQD, zwn, zrQ, 7Aoflst ZWAQ, ZSTR, 7W, ?WAW,

I ZAW, 1WW, 7fl(, ZOB, 7QE, ZWF, 7WAWFI, ZOSE
C

C OMMON AMCfl, AMOAQ, AMWn, AM0, AMAQODS 6MAWO, AMSTR, AMW9
I AMWAW, AMAW, AmWW, AMns, AMflR, AMQFr AbIWF, AMWAWF,

COMMON TY

COMPOON CW, CB, UC, X6, ?p

COMPOCN DOS, nB, Rmfl, AL, AM4
C

COMMON FTAHI, FTAI.fl, All, Al?, Al3
C

cOnMMON 4219 A22, 421, All, A12, A33

CCMOON XC,, ?G

C PULL PRESFNT VALUES f'F VARtAFILFS OUT OF ARRAY VI
r

ki Yff 1)
w I?
O YI('3)
THETA.VI (4)
7 a VI(5
C AtL CflP4 Tct( T4F TA

C
C COUPUTE QUANTITIFS Tfl FIE tSFf 'AnRF THAN flNCF

0? a Q*0
U2 U*U

US? 4 w~~

Osu a n711

AOOTVeW¶SQRT (WZI
UOsUeo
AriSow AlSi ; 1
UAQC$.IJ.ARSSOOS
W Y~vwa*Npnnflvvw
UWaU* U
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ABSSW=ARS(WI
UABSW=U*AB S1
OBU2=OR*U?
OSU2=DS*U2
UMAG = SQRT(U2+P))
IFIUMAG)26, 24,26

;P4 FTA = '0.
GO TO '8

26 CONTINUE
ETA = UC/UMAG

28 ETAMI, = ETA-I.
IF(ETA-ETAHI )20,1O0

30 A1=A~l
A2=Al 2
A3=A13
GO TO 18

32 IFWEA-FTAL1O35,35,07
35 A1=A31

A 2= A3?
A3=A3!
GO TO 18

37 Al=A2t
A2-=A??
A3=A23

39 CONTINUE
1 RATVAV = 0.
3 IF(W) r,,4,9)
4 QATWAW = 0.

GO TO 6
r, RATWAW = W/ARSW
"6 CONTINIIE

C
C COMPUTE TRIG FUINCTIONS,

CPHI=l.
STTA = SINITHETA)
rTTA =COS(THET.A)
SPSI=O.
CPSI=1.
TRIGI =0.
TO I G2=r TTA
TQ I("=l.
TR IG4=STTA
TPICS tl*r.TTA

10) ISW2 = I

C SFT CnEFFI(7IENT-, fF 110, wn, on)
r

F-AU =AM-PHf)I Asv in
FAQ = M7

FNW A'4-RbrL I* 7Wr)
r , -RmnL4*lcn-A%4*w;
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PMU = AM*7I',
PMW = -RmnL4*AmwD-AM*XG
PMQ =IY-RHnt'S*AMQD

20 CONTINUF
r
r COMPUTE Ul) FRnM AXIAL FORCE EON
c

40 CONTINUE
F(1)=((Am*(-WQ) + PHOL4*(XQQ*02) +
1PHOL3*t XWQ*WQ),RHI1?*tXUU*U2+XWW*W*Wt+
2RHOL2*U7*(+xD~lS*OS?,xflBDfg*fB*DR) +
3RH012*I AI*U2+A2*U*UC,+A3*UC*UC)-WMR*STTA+ RHnI2* (XWWE*W?+
4XDSDSE*DS2U?)*FTAmI) + A*4*XG*Q?
5-FAQ* F(3)l/FAU

r
C COMPUTE WO FROM NORMAL FC1RCF FON

60 CONTINUE
F(2)=(A'4*UO RInfl*t
lZQ*UQ +ZAQDS* UAQns + /wfAý.. RATWAW*ROOTVW*ABS;O) +
2RHOL2 *(ZSTP*U2 -% -,*UW+ZWAW * WRTVW +ZAW*UARSW+ZWW*ASSW*RflOTVW
3 +ZCS*rSU2+ZOsDq*DR0) + Wwig * TPIG?2 + RHOL3* ZQF*UQ* FTAM41
4,RHOL?*(ZWF-*UW+?WAWF*WRTVW+Zfl):F*DSU?)*FTAMI
5 +AM*Zr,*Q2-FNQ*F(l))fFNW

C COMPUTE Q!) FROM PTTCHING MVMFNT FON

90 CONTINUJE
F(3)=(RHCL'I*IAMCAO*Q*Al3SO) + RHOL4*fAMO*U') *AMAofls*
WIAODS +AMAWO *LJ*ROITVWI* QHnLl*(AMSTR*U2.AMW*UW+A'4WAW*WRTVW +
2AMAW* UABSW +AMW*AriSW*ROO)TVW+A'4)S*DSU7~+Amnfl*fl8jIJ
3-( XG*CW-XB*Ct) *TRIG?-( lC,*CW-1?R*CR)*STT,ý.RHflL4*AMQE*UO(*E:TAMI
4+RHOL I*(IAMWF*U)W.AmWAWE*WP TVW+AMnSF*nsu2 ) *ETA4
S+AP*I7G*(-WC)+Xq*(-IJQ))
S-PMll*P I)-PmW*Ft?) )/Pm0

C COPOPUTE KINEMMTCS - THETA~ olT

F(4) =Q

C COMPUTE I nnT

F Ir Ia-U*STTAW*TRIGI
RETURN
END

2032
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SUBROUTINE PLTROU(SAVEKJL0CNL9Cq!RUN)
DIMENSION SAVF(30091lbILOC(1), IY(16), IRM2
IR(1)=IHEX(13,9,14,4,13,5,4,01
IR( 2)=II4FX( 13, 5,139694,1194 ,0)

r T
IY(1 = 1HEX(14,3,4,0,49094,0)

C u
!Y(2)=IHEK(14,4,4,0,4,0,4j,O)

C W
IYt 3) rIHEX( 14,6,4,0,4,0,4,0)

C 0
IY(4) =JHEX (13,8,4, fl,4,0q4q0)

C THTA
IY(5= I HEX( 14, 3, 12,13,114,19 1291)

C Z
!Y( 6)=IHEX( 14,%14,0,4,0,4,C)

C r)S
IY( 7 I=IHEX (17,4,14t?,4,O4,O)

C OR~
I Y ( F IHE X (12, 4,12,9?,94, 0, 4 ,N
nly = '0.
CALL SCALE(SAVF(,lq)q ,.0qKq1,PV~lV
ICTL=0
CALL PLCT0.09.75,23)
onl 80 !=1,NLOC
J=ILOC(I)
IF(J) 30,90,30

30 CONTINUF
CALL SC4LF(SAVE(1qJhq4.0,K,l1,flVi2)
CALL AXIS(0.0,0.0,IY(1),-496.0,0.0,nP!V,fl
CALL AXIStO.OO.OIY(J ) ,4,4.O,90.O,O!IV,2)
CALL SYMROL(4.0,3.5,0.14, lR,0.0,%RI
AIRUN = TRUN
CALL N114PER (-0.0,-0. 09-0.O,AIPLJN 0.0*-l
CALL I INE(SAVE( 1,1),SAVEU ,J JK,1 ,0,0)
IFI CTL)6O,ýO,6C

50 CALL PLOT (0.0,4.509-73'1
(CT L=1
GOn TO 90

60 CALL PLOIT(4.r,,-4.';l,-23)
T CTL=O

Ro CONTINUF

100 CALL PLrT(0.09-.75,73)
PE TUP N

111) CALL PO~*,5',3
RF TLPN
FN 0
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SUBROUTINE CONTR(THFTA)
r
C TO CONTROL OS FOR DYNAMIC CONDITIONS

DIMENSInN ILCC(8)9 YW6
RFAL TV
REAL K

C
COMMON Ht N, ISi, NPNT

C
COMMON TLIM, RHOL2, RHOL19 RHOL4, RHOL5, WMB, ETA, FTAMI, JSW2

COMMON xQQ, unJ, xwQ, YtuU, xww, xDsOSt nanol, XWWE,
I XDSnSr-

C
COMMON ?QD, ZWD, 70, ZAQnS, ZWAQ, ZSTR, IW, ZWAW,
1 ZAhq, ZWW, 705S, ZDP, 7QE, 7WF, ZWAWF, ZflSF

COMMON AMQfl, AMQAQ, AMWn, AMO, AMAQnS, AMAWO, AMSTR, AMW,
1 AMWAW, AMAW, AMWW, AMPS, AMOB, AmOE, AMWF, AMWAWE,
? AMOsF

C
C

COMMON tV
C

commON CW, C9, UC, XR, ZP

COMMON 0S, OR, RHO, AL, AM

COMMON ETAHI, FTALfl, All, Al2, 413

COMMON A21, A22, A21, A-419 A32, AYA

COM4MON XG, ZG
r

CnmMMON ILOC, IDLO)T, TRUN, TOPEN, NPLT, TnPT

C OMMON Y, TTmF , P 1, O FLT MA, SW vAX Q 7, EL Tm I

CCmMoN nSF, ICYC, NeS
IF(NS) 15,l5,16

15 RETURN
IoN CONTINUEF

CIO TO(1OO1,100?,lOO',10n4),NS
C
C rCNTRCL 01;
r
1001 IF( ISW'IWl,?O,)l

70 NI-
1 NN2 -z
NC? x(fTI'4F*TCYCIjH) + .

NCI (AR~irs( -flELTmA)leT(YC/APSc'QlI4I +.I;

NC5 = (ABsirFlLTMI-flFLTMAI)STCYt'/ARStQ?.HI *

GO Tr 1i
:05
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21 GO TO (1,2,3,495,11),Nl

C CYCLES TO START
c,

7' NN2 = NN? + I
IF (NN7 - NC?) 11,11,7

C ns DrWN

7 Ni = I
NNI 0

3 NN3 NN3 +1
DS = fOS + H'*Rl/ICYC
IF(NN3 - NCI) 11,09,8

c nS LEVEL
C

8 NI = 4
GO TO 11

4 IF (ABS(THFTA) - SWMAX) 11,9,q
C
r s up

C
9 NI = 5

NN5 r C
5 NN5 = NN5 I

DS = DS + H*R?/Tryf-
IF (NN5 -NC5) 11,10,10

C.
C DS LEVEL
C

10 Ni = 6
11 CONTINUE

CO TO '000

C AUTCPILCT
C

103 IF (OMf~. 110,107A107
107 IF (VSri - .'361 101,100,10A
110 IF (D)Srý + .436) 10091019101
loq nSC x 4=

rC TV' 101
109 DSC. -. 1
101 ýDOT A * MfSC -nS)

nS z n,; + .5 * m4,I(yC ti. * SOOT -sflfTI)

s~T - snn

351 CONT I NIF

( rnNYTPfL. D's ( Im~tlSF), LONf'#1'WItrNtI
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100? IF UISW2)40194009401
400 N4 =0
401 IF IN4-1)403,40?,403
402 OS = nSF
403 !F(mOD(N4, 8))410,406,41n

C
C PUNCH THETA AND TIME FnR FRFQUENlry STUDY (LONGITUfl1NAL)

406 WRITE(?,408 )Y(4),Yf 6)
408 FORMAT(2Flr),7)
410 N4 = N4 + I

GO TO 7000

C CONTROL ACCFL/nECFt + AUTOPILOT
C
1003 IF(ISWI)601,60O,601
600 N6=1

ISW6=0
NNI1=t
TLIM= l0.*TIMF+60,
7C = Y( 5)
sr~flT = 0.
NC11=60*( ICYC/H)
NC12=T IME*ICYC/H
UC=0.
GO TO is?

601 GO TO(60?,603,604,605,606,6O7,-45?),NA,
r

602 NNL1=NN1I+1
1Ff NNII-NC 111 392,135?, 60A

60F9 N6=2
UC = P 4'.5
NN 12=0

603 NN12=NN1?+1
IF( NN1?-NC 12) 35?, 3s?,A

609 IF(ISWf,1617,A'16,617
617 Nt=7

Ijc= C.
GO Tn 15)

616 Nf-l
U C 316 *R
NN1?=0

604 NNI?uNNI?.)

610 IF( !SW#)6IA,6Il~v6IA
614 GO TO $%OA

ti

207
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NN 12=0
605 NN12=NN12+l

IF (NN12-NC121352,352 ,611

611 IFf ISW6)6lq9,6l4,61)
619 GO TO 616
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//JOB EC470
EXEC FFORTRAN

C IN THE MANNER OF NEWTnN

CONV a 57o29578
I Nal
IOUTal
LI!NSPP=54

I CONTINUE
READ(IN,100) lUAU, ZUW, 1W, ZAW, MSR, ZOEL
IFH WAW-999. 1594#4

4 CALL EXIT
5 CONTINUE
READ(UN,100) AMWAWAMWW, AMW, AMAW, AMSTR, AMnEL
READ(IN,100) B, ZR, RHO, AL

2 CONTINUE
REAO(IN9100) U, WZER0 ,tiLIM
IF( WZFRO1)9,3 99

9 CONTINUE
WRITFI IOUT,6O1
WRITF(,I)UT,252)ZWAW,9ZWWtZWZAWZSTR,ZDEL
WR ITE( 'nUT,61)
WRITE(IOUT,252)AMWAWAMWWAMWtAP4AWAMSTRAmnEL
WRIT~F IOUT,62)
WRITE( tnUT,?752) Bt Z 8, RHO, AL

60 FORMAT(lHI,50X,*EC470 - INITIAL CnNnITIONS'//
IIH ,34X,'ZWAW',14X,'ZWW' ,lIX,'?W',14X,IZAW',12X,'ZSTR',13X,
2'ZDELI

'i1 FORMATflH ,3X,IMWAWI,14XttMWWI,IIXMW$914-AtIMAWI,12X,IMSTRII13X,
?fMOEL* 1

62 FORMAM(H ,3X,'R',17X,'ZB'PIPX,'RHn',13X,'L')
WRITE( IOUT,215)
L!NS =

100 FORM'AT(qFlOoS)
9 Cr1NTINUJE

ICNT v0
WWK=WFRfl
'J2-U*IJ
R v Z nVl. /AmOFL
Clu ZWAW-R*AMWAW
r?. tWW-ROARMWW
C3v f?W -R*AMW)*U
C4* f IAW-Q*AMAW I*U
Cis 11STR-R*A'4ST ) *U>
COFs?..B*ZP/fRHO*AL*AL*AMJ
r6a RCF

10 rnNTINIJE
ICNT IrNI' + I
IF(ICNT - 2001 15915912

13 FORMA~fIH , 'ITERATInNS EXCFFO 2')01
n~n Tn

IS CONTINtJF 226
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ABSW=ABS( WWK)
W2-WWK*WWK
WABSW=WWK*ABSW
AB SWU=AB SW*U
WU=WWK*U
Ti = W2+U?
ROOT zSQRTITI)
T ?=COEF*WWK /RfOT
F =Ct*WASSW+C2*W2+C3*WWK~r4*APSW +C54+C6*WWKfPfl0T
IF( WWK) 20, 18,30

19 FORMAT(H q#W IS ZERO')
GO TO'

20 S=-l.
GO TO 40

30 S= 1.
40 CONTINUEF

FP =2.*S*CL*WWK +2*C2*WWK.C3+S*C44+C6*U2/IRfinT*Tl)
WS =WWK- F/FP
IF(ABS(WWK-WS)-.0001*ABS(WWK))200,200,150

150 WWK = WS
GO TO 10

200 CONTINUE
DS=!-( AMWAW*WAFISW+AP4WW*W?+AMW*WU+AMAW*ABSWU,
I AMSTR*U2*T?)/(A'40EL*U2)
!F( LINSPP-LINS) 210,210,250

210 WR ITr (IOUT,9211)
211 FORMAT(IHI)

WR ITE ( TOUT q215)
215 FOR'4ATf/LH ,3X,'UIP1/SEC)',QX,'U(KTS)',FRX,'WtFT/SEC)1,7X,

I 'nELIRAD)',7X,'THETA(RAn)' ,7X,'flFL(flEG)t,7X,'THETA(0F-r)'I)
L INS=()

250 IINS=LINS+1
UKTS=U/1 .689
THTA = ATANfWS/Ul
DSI=DS*COINV
THTAD=THTA*CnINV
WR ITEI tlUT,252)1I,UKTS,WSqflS ,THTA,nSL ,THTAnl

25) FORMATI ,FI3,66,!FI6.41
WZFRO WS
U xU -1.68q

760 GO TO 2
ENT)
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IfJog EC430
// ~EXEC FFflRTIAN

OIMENSION ICTL4501, W'(501, XISO), T(5019 Z150), INTS(50)
IN =
iflUT -3
LINSPP = 54
LINS 9 q
IPAGE =I

RFAD(IN,95) N, IPNT
Do 90 I = 1, N
INTS(I) = I

90 CONTINUF
95 FORMAT(1615)

READI IN, 100) (W( I), X(I), VII), l( I), I 19,N)
IF(IPNT) 96, 99996

96 WRITE(IOUT,1Q0) IPAGE
IPAGE = IPAGE+l
WRITEI IOUT,97)

WRITE(IOUT,981 (INTS(I),W(I ),X( I),Y(I ),Z(I), I=IN)
98 FORMAT(IH 9I9,1:l,4F16.6)
99 CONTINUE
100 FORMAT(8F10,5)
105 READI IN, 110) ICTL(II, I=1,N)
110 FORMAT (9011 )

IFI ICTII 1)-2)130,120,120
120 CALL FXIT
130 CONTINUE

SW =0.

SWx = .
swy 1.
SWZ 0.
on 170 1 = 19N
IFI ICTII I) 160, 170,160

160 TW = WI!)
SW = SW + TW
SWX =SWX + TW *X(II

SWY =SWY + TW *Y(II

SWZ = SWZ + TW 7(f1)
170 CONTINUE

XG =SWX/SW
YG = SWY/SW
ZG = SWISW
IF ILINSPP-L INS)1809,180, 200

180 WRITE(IOUT9190) IPAGE
190 FORP4ATIIH1,3X,'EC430',40X,'CO)MPUTEO CFNTFR OF GRAVITY",

I 3OXv IPAGE' ,IS/)
LINS =
IPAGE - IPAGE -1

200 WPITF( IOUT,?lO)(I1N1'S( I) I,N)
210 FORMATIN ,Q13974141

WPITF(IIUT,?10OHICTL(IbIulvN)
WRITEUIOUT,2201 Xe, IG, IG, SW

220 FORMATMfH ,RX,'Xtr' ,14X,'YG' ,14X,'ZG',14X,'W'I

231
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IIH ,4E16.6/)
LINS = LINS + 6
GO TO 105
END

232
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1J09 zc 300
/1 EXFC FFORTRAN

C SUBMARINE THRUST
I)IMENSTCON THRUSTt 10)
REAO(1 ,30 )AL,AM,FTAHIFTALfl
READH ,40)Al ,A2,Al
READ(I.,40)9lB?,R34
READ(1,40 )CI ,CZCl

'A0 FORMAT (8F10* 3)
40 FORMAT(RFl0.6)

WRITE (3,36)
36 FORMAT( lH1,5X,23H7C3009 SUBMAPTNE THRIUST//T6,tL',TIh,'M',T24,'FTAH

21, ,T349 'ETALOII)
WRITE(l,41 )ALvAMFTAHI ,FTALfl

41 FORMAT( F9.?,F~l.?,2F 10.3)
WR ITF(3,42)

42 FORMAT(IHOTlO,'Al',T20,'A2',T30,'A3')
WRITE( 3,43)Al9A?,A-A

43 FORMAT(SX,3Fl0.6)
WRITE( 3,44)

44 FORMAT I HOTlO, B't1 ,T20, 'B? ,T30, p31)
WRITE(3q43)B1 ,B2,?R3
WR ITEI 3,45)

45 FORMAT(lHOTlO,'CI',T20,'C?',T30,'C3')
WRJTE(lv4l)ClC2,C'A
J= 1
DO 25 K=1,7
WRITE( 3976)

76 FORMAT(IH1)
TF(J)32,33,3

32 WR[TE(3,34)
34 FORMAT(38X,40HACCEIFRATIflN - (FEET PER SEcflNn-SQUARFn)/)

60 TO 35
33 WRITE(3,31)
31 FORMAT(SOX,16HFORrF - (DnlhjNflS)/)
35 UC I=--0.

Dfl 8 N=1910

q THRUSTIN) IJCI
WR ITE(19,12)THRUST

WRITF('4,111
11 FOPMATf IHfl,6XIlHIJI

* flO 7 14=,191

?0 UaUK*1.6R9

nO 24 N=u1910
UC 1 lmar 1( + 5,
UC*UC1IO .6R9

51 FTA-UC/U
GO Tin 5 5
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52 JF(UC54,51953
53 ETAwl.

GO TO 55
54 ETA--I.
55 RHOL*,9975*AL*AL

IF(ETA-ETAH~I)212,3,
2 IFfETA-ETALC)4,5,'
3 TxZRHnL*(AI*U*U+B1*U*UCC1*IJE*UCI
GO TO 6

4 TXSRHOL*(A3*U*U.83*U*UC+C3*UC*UC)
GO Tn 6

5 TXURHOL*(A?*U*U.B?*U*UC,.C2*UC*UC)
6 IF(J)23123924

?I TXsTXIAM
24 THRUST (N) -TX

IF( J)1399,39, 37

I q WRITE ( 39 I)U1,THRLJSTI0FRA(HIFI21FI4
END

236
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IfJOB ZC690
If EXEC FFORTRAN

C
C ZC690 FRRflR CALCULATOR, DS + DP CONTROL
r.

DIMENSION CflEF(2)
WRJTE(3, 14)

14 FORMAT(IHIT5,'ZC690, ERROR CALCULATIONS, os + nR CflNTRflL@)
NS -
ISW=I
WRITE (3 ,111

11 FORMAT( IHOT3,'NO., T7,'SPFEDIT149 OCOEFIT2Q,f PERCENT CHANGE OF V
1ARIABLF',T9391INPUT DATA', / T7,'(KTS)',T23,#DtJ',T30,'flTHETA',TI3,
20DPH11',T46,*DPH121,T54,'DPSIIIT73,'U601,TB3,'THETHII,Tg5tlPHIMINI

READII ,15)N015,N025
15 FORMAT('I4,6X,141
I READ(1 ,1O )NOCOFFU60,THETHI,PHIMIN, PHIUPPST60

10 FORMAT( 14,6X,2A4,2XFlO.5,F1,O.6,2Fl0.8, FIO.6)
IF(NO-1 [1009696

6 GO TO (2,3,4),NS
2 IF(NO-NOl5)2l,22927

21 IF(ISW)4,4,?3
23 ISIPEED=5

PH 1 =0.
PS 10=0.
UO.8. 445
THETO=. 005155

7 DURxU0-U60
DTHETR=THETO-Tt4FTH I
nPHI 1R=PHIO-PHI'41N
DPH12R=PHIO-PHIUP
DPSIR=PSIO-PS!60
I SWr=O
WRITF(3,12)Na,!SPFFnCOEF,1J60,THFTHI,PHIMIN,PHIUP,PST6O

12 FORMAT( lHOT2,i4,T9,I2,TI4,2A4,T70,F9.5 ,T82,FP.6,Tqlt,FtO.RTlO9,
IFIO.8,T117,F9.6)
GO TO 1

4 DU=UO-U60
0T HfT=THET0-THFTHI
nPHII=PHIO-PHIM!N
nPH12=PHT0-PHIUP
[OPS IxPSIO-PS160
DFLUzi 00. *( OUR-r3U) fUR
nEL TH~I(O.*(DTHFTP-DTHF T) /n THE TR

DELPH24100 *(OPHTZR-OPH[?) /DPHIR
DELPS!.100.*(OPSIP-nPSI tIOPst
WR ITE (It 11)NC,T'ýPFFD,COFF,rlELLI, DFLTHo)EL PHI nFt PH?,flFLPST tidt%,
lTHETH190HI'4INiPHIIJPIPSIAO

13 FORMAT(1?, I4,T% I7,T14,?A4,T2?,F'i.lT30,FS.1,TIA,F5.1 ,T464F'%.1,TS4
I*S1T~~~jT7F.tQFL.,ISFORT1,QA
fO TV 1

22 ISW-1 2L0
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NS=?
3 IF(NO-N025)?4,25,25

24 IF(ISWI4t4,?6
26 iSPEEO=15

tiO=25*335
THET0=. 001 895
GO Tn 7

25 TSW=1
NS=3
IF(T SWI494,27

27 ISPEE!)=75
UO=42. 225
T HETIO= *00 1 RO
GC TO 7

100 CALL EXIT
FND
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fiJOB ZC 691
If EXEC FFORTRAN

c
C ZC691, ERROR CALCULATOR, OS CO)NTPOL

DIMENSION COEF(2
WRITEt 31'.)

14 FORMAT'IlH1,TS#'ZC691, ERROR CALCULATIONS, DS CONTROL'I

WRITE( 3,11)
11 FORMAT(lH0,T3,'NO',T7,'SPEFn',T14,'COEF',T289'PERCENT CHANGF OF VA'

lRlAtBLF' ,T939'INPUT DATAv / T7,'(KTS)',T31,'OU',T3A79,nTHETA',T47.7,
2OZ',T74q'L~lsT85,'THETl', T97,'Zll,TllO,'XG',Tl21,'?.G'/f)
READ(1I,15)Nfll5,N02r5,ISW2

15 FORMAT(14t6Xv14v6X,Ill
1 READ(II ,1)NOCOEF,U1,THETI, Z1,XGZG

10 FORMAT(I4,'6Xv2A4,?X,5FlO.5)
IF(NO-l [100,6,6

6 GO TO (2,3,30),NS
2 IF(NO-N01512l,?2,22

21 IF( ISW)4,4,23
23 ZO=800*

!SPEEn=5
UO=8.445
THFTO=. 005155

7 DUR=UO-Uli
OT HETR=THETO-THFT 1
nZR=ZO-ZI
Iswao
WRITE (3, 12 )NO, SPFEnCDEF,U 1,THET1,ZI, XG,7(

12 FORMAT(IHO,T?,I4,T9,I2,T14,?A4,T70,r-9.5,TR3,F 6Tl,'.,T0,9
12,T 120, F6.4)

GO Tn 1
4 nU~uo-ul

DTHFT=THETO-THFTI

flELU= loo*(ORfl) Up - U I~R
O)ELTH=100.*(OTH4FTP-D)THFT)IDTHFTR
flEiZzi OO*(CZR-OZIffl7R
WPITE(3,13)NO,pTSPFEn,COFF,nELUDELTH,DELZI11,,THFT1I,Zl,XGZC,-

13 FORMAT(T2,,J4T9,1?,T14,?A4,T3OF6.lT3AF6.i,T461,FA.1,T70,FQ.5,Tr4-
1,F9.6,TqA,F:Q.3,TIOQ,F-5.2,T17O,F6.4)

74 Iswul
?9 GO TO 1
2? !SWUI

I IF(NI71-Nn25)24,2S,25
74 1 F (ISW 149 4926

U0 -?2 . 'A V
THFTO= .001 R9A
GO TO 24
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25 ISW=l
NS=3

30 IF(ISWI494,27
27 ISPEE r= 25

UO=42.PS
THE TO=. 001R03
GO TO 7

100 CALL PXIT
FND

2*

215
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IIjnB EC140
1/ EXEC FFORTRAN

COMMON A(Stif25), AA(P251,NPII
DOUBLE PRECtInIN A, AAi C(3)9 AlA2,A3, ROOTR(IO), ROOTJ(1O)
DIMENSION !SW(1O)
EQUIVALENCE (C( 1),AI),(C12) ,A7) (C(3hqA3)

IOUTu3
TWOPI=6.A23I P
LI NSPP=54

1 CONTINUE
REAn(IN,100)ZWO, ZW, zoo, 70, Amwn, AMWt Amqn, AmQ
IF(ZWn-9q9. ) 0,90,90

10 CONTINUF
READ(IN9l1fl) AW, AQt AMAWO, AMWAW9 ZWAQp ZUAW
RFAD(IN9100) XUDAll ,AI?,ZSTRA?4STRtX0QQXWQ
REAO(IN,100) AL, AM, AIVY, B, 78,RHO
IPAGF-l
WRITEITOUT, ? IPAGF

2 FORMAT(IrI,55X, 'FC14O',50X, 'PAGE' ,I6f)
WRITE( TOUT,4 )ZWD, ZW, 7901 ZO, A4WD* AP4w, AmQn, A'4Q,
I AW, AQ, AMAW0, AMWAW, ZWA0, ZWAW,
AXUD, All, A12t ZSTR9 AMST'Q, X00, XWQ,
? AL, A'4, AIVY, St 78, PHO

4 FORMAT(IH vs,X,ZWn',14y,'ZW ,1'x,'zQn',14X,'Zo' ,I3X,'MWr)' ,14X,
1'mWqtl3X,'mQfl914XqIMQ~l
21H ,8FI6.61/

SIN ,6FI6.6/1
CIN ,8X,IXUD' ,14X,lAllvtl?X,IAI1?,14X99ZSTRI',1!x'4-,TPI,t-AX,IXQc',
ri 2x, 'xwQ/lH ,7EI6.6t/I

AMWH =M

AMON AMQ
WRITE IOIUTt~l

6 FPRM4AT(IN ,QX,lPAW',14Xl'mQ',114Xt'7W'i
I IH ,OX. 'AI, 14X, 'A?', 4X,'A3',l4X,'A4',14X,'Ac~t',iX,q'tI$

I INSxl6
SO CONTINUE

ZOO FORM4AT( qFlO,S)

00 CONT 1NI!F

U v * .0Aoq
WOAP W1
OBAP 40 AOal,'a
AMW aA'4Ws *a'4WAW*WPA'Q
Amor A'4QN *AMAWQ*WAAR
1W x?WH *?W&QaO'qAQe7WAW*W9AR
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N = 2
NCOL
M it N*NCtIL.1
DO 6? 1 - 19NCOL
no 62 1 z 1,NCOL
00 62 K = lM

6? A(!,JtKl = 0.
AL?=AL*AL*RHO/2*
AL rAL7*AL
AL4=ALI*AL
AL 5=AL4*AL
TI=A13*ZWfl-AM
T2=AL4*AMWfl
TI=B*ZS
T4=U*AM44AL 3*U*ZQ
T5=AL? *I*ZW
T6=AL4*U*AMO
T 7 =AL. 9* AMQ f-A IYY
T8=ALI*IJ*AMW
T9=AL4*lZfl
Al = T7
A2 = T6

CALL PLACE(l9lC)
Al = T
A2 = T
A3 = 0.
CALL PLACE(1,2,C)
AL=a.
A?=T9
A3= T4
CALL PLACF3(?vl,C)
A2 = TI
A3 = T
CALL PLACFI?,2,r)
A2 = 0.
A3 = Pt 3*IJ*( XQO*OPAP+XWO*WRAP)-AO4*WIRAR*U
CALL PLACE(3,l19C)

CALL PLACF(392,C)
A2? ALI*XUO-Am
A3 a AL2*IJe(All.AII4A1?)
CALL PLACFt',',Cl
A? a AL3*AMSTqt*?.*Ol

-ALL DLACP(1,3,lC)
A? a 0
A3 * ALISISTROP.'II
CALL PL ACE (2t IsC I
CALL CH4RFO0J
NPI*NPt 1~1
CALL r411ILER(A49 PfjnT~tnis~r~
00 74 1 * It *dPjj
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74 CONT! NUE
WRITES IOUT979)

75 FORMAT(H ,'NO ROOT WITH IMAGINARY PART FnUNfl')
GO TO 50

76 TR =DABS(RonTR(I))
TI DASS(ROOTIUP1)
WN *SQRT'(TP*TR+TI*TI)

THALF =.693/TR
P=TWflPI/T!

IF( LINS-LINSPP) 80,7q,7q
79 IPAGE=IPAGE41

WrRITECIOUT92) IPAGE
WRITE(TInUT,6)
LINS=6

80 fCONTINUF
WsRITE (iIUTA?) AmW,AMQ, ZW
WRITE (TnUT,82) (AA(Tlv!=1,NPI),U
WRITE (InOji,87) (pfonTR(l,RfOnTTfI)qI=INPll)
WRITE~inoT,P.7) WNTHALFP,F)
WR ITE (I n'.JT ,.)

9? FORMATf 8F16.6)
83 FOR?4AT(1H/!

LINS=LTNS.5)
GO TO 90

90 CALL FX(T
END
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SUBROUTINE PLACEfUJXI
DOUBLE PRECISInN A(515975), X(1)
COMMON A
KK = 3
nn 4.00 K=103
At IvJKK) X(K I

400 KK=KK-1
P FT UPN
END

251



NAVTRADEVCEN 68-c-ooSo-2

SUBROUTINE CHREON
DOUBLE PRECVI'ON cnE ,ClI,C2,AAASBSA
DIMENSION A(5,5,25),COE(25),MAT(8,8),Cl(?5) ,C2(25) ,AA(?r;)
COMMON A, AA, NPll
N =2
NCOL = 3

1 M-N*NCCL*I
1501 NI=N+I

NCOL2= NCOL*NCOL
Li = NI + I
no 301 1=1,M
Cl (J)=Q*
AA( I) =0.

303 (.2(f) = 0.
NP1=N+l

C FIND DFGREF OF EArH M4ATRIX ELEMENT
DO 2 I=l,NCOL
no 2 J=l9N.COL
MATEI ,J)=0
('0 2 K=1,N]
IF (AT I,JK)) 600,?,600

600 MATUI,J)=K
2 CONT I NUE

C TRIANGIJLARIF THE MATRIX
J3=0
Jl=1

10 J9=0
00 3 I=JI,NCOt
IF (MAT U, JI) )100,601, 601

601 IF(MATtI,JI))602,3,602
602 jq=jq+i

J3=1
3 CONTINUP

i i = CflLL)MN NUMBER
C jq NtiMPER OF NON-ZERO FLFMFNTS IN THIS (I1l-lPmN
C J3 = LAST NON-ZERO FLFMFNT IN' THIS COLUJmN

11 IF(jq-1)100,603,12
603 IF(J3-Jl1)0091I?,?04
204 nO 4 J=JI,NCOL

J2- MAV~n(MAT(J3,J)vMAT(J1,J))
J4-MAT( J3,J)
MATIJ1,J)=mAT(Jl,J)
P4AT(J1,J)z J4
no 4 K-1,J?
SA-AI JlJK)

A1J3,J#K)xAJIJ,J,K)
At JlJK)x-SA

4 CONTIN1IF
GO TO 112

12 J32JI.1
nn jii tJ3NCOIt

205 IFfMAT( JI,J1 ) 100,14,00A
706 IF(MATI I,J1 )-'AT(J ,JI)) 14, IC, 1%
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C INTERCHANGE RnW I WITH JI,
14 DO 6 J= J1,NCOL

J2= MAXO(MAT(J1,9J),MAT (1JI)
J4z MAT(J1,J)
MAT IJ IJ =MAT( T,J)
MATf I J)=J4
n0 6 K=lJ7
SA= A(1,J,K)
Af! ,J,K) =A(JI ,JK)
A(Jl,J,K)=-SA

', CONTINUE
GO TO 13

c
15 J7=MAT(IJJI

J5=MAT( J1,Jl)
J6=J7-J 5

1Ff ABSf SB)-4. 116,207,207
207 IF(J6)100,14,16
16 DO 19 J= JI#NCCI.

J5=MAT( J I ,J)
DO 19 K=1,JS
J7= K+J6
I F( J 7- ') 1 791 79 11 0

17 IF(ABS(A( IJJ7)-SRB*A(Jl,J,K ))-2,F-l5) 18, l8,208
709 A(I,JtJ7) = A(ItJ,J7)-SR*A(JIJ,K)

GO TO 19

19 CONTINIWr
110 n0 7 J=Jl,NCnL

J7= MAXO(MAT( T,J),'4AT(JI,J )+J6)
MAT(I ,J)=O
0O 7 K=l,j7
1FAf At!,JK fl20 , 7, 209

?09 MATE I,J)=K
7 CUNTINIJE

Ill CONTINUF
Gfl TO 10

11? J1=Jl+l
1Ff JI-NcnL) 10,210,210

r GET PQnDFUCT nF DIAGONAL FLEMFNTS
211 nO 115 J-l,NCOL

J2=MATI JtJ)
no 9 Kzl,J?

4 Cl (K)=AIJ,J,Kl

n0 116 Kalem
Ith COE(KI-Oo

I F (.2 110,1 15,21 2
712 n0 117 KslvJ2

no 117 J13-lNPI
J1 I K J1 ()-1 253
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COE(Jll)=COE(Jll)*C1(KI*C2( JlOI
117 CONTINUE

NPISJl1
GO TO 115

114 00 118 K=l9J2
118 COEfK1wC1IK)

115 CNIU
100 JIuNPl

DO 401 1=19NPI
AAlI I I COF tI!)

401 11.11-I
NPI 1=NPI-1
RETURN
END
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SUBROUTINE MULLER(CbL,,NIROOTR9 ROOTI#ISWIE-RR.
C MULLER ROUTINE FOR ZEROPS OF POLYNOMIALS W;'N REAL COFFFICIENTS

r
C COE IS THE ARRAY OF POLYNOMIAL CnEFFICIENTS ORDERED FROM HIGHEST
c TO LOWEST POWER OF x
r Ni IS THE DEGRFF OF THF POLYNOMIAL
C RoOTR IS THE ARRAY OF REAL COMPONENTS OF THF RnnTS
C ROOT! IS THF ARRAY OF IMA6INARY COMPONENTS OF THF ROOTS
C 15W IS AN ARRAY nEFINING THE VALIDITY OF THF ROOTS
C ISWfN) = 0 THF NTH ROOT HAS SEEN STORFI' TN ROOTR(N) AND
r ROOT I(N)
C ISWIN) = I THE NTH ROOT HAS BEFN STOREr) IN RODTR(N) AND
C RnOTI(NI, BUT IT MAY NOT BF VALID
r IERR IS AN ERROR CnnE WHICH H4AS THE FOLLOWING SIGNIFICANCE.
C IERP = 0 ALL ROOTS FOUND CORRFCTLY
C IERR 1 I ONE OR MORF ROOTS MAY OF INVALI10. TEST THE
C 15W ARRAY
C IERR = POLYNOMIAL DEGREF IS LFSS THAN 1
C IERR = 1 POLYNOMIAL DEGREE IS LESS THAN Ni
C
C FOR A POLYNOMIAL nF DEGPEF NI THE COE ARRAY SHOIJLD RE nIMENSIONEn
C Nl+ 1 IN THE USER PROGRAM. THF OTHER ARRAYS SHOUJLD RE D~IMENSIONED
C NI IN THE USER PRnGRAM.
C THE POLYNOMIAL IS SCALFO TO AVOID ARITHMFTIC OVERFLOW. ALL
r SCALINr. USES FACTORS OF 16. TO CHANGE TO FACTORS OF X, SET RASE
C = X AND CnNST = LN(X) IN SUBROUTINE
C THIS SUBROUTINE USFS nOURLE PRECISION ARITHMETIC. SINGLE PRECISION
C IS NOT QFCOMMFNnED.
C

nIMENS!I2N COE(I)t ROOTR~l), ROOTTIlII ISW(ll
DOUBLE PREC ISION COF ,TF?,TF3,PrI V,TEETDE1S),TF1¾4HEI LTFM',ALPIR,
IALP2R, ALP3R TEST1, 7TAU2, AXIJ, TF5,TF49UPP , TE4RtF16. TF14tRELL,RnnTR,
2AP1AP1AP1TS2ATTeT7TRTME1TItA2Rni
3BETIPRET2R,RET3RALQ4RTE1,TEM,TEQ,TAU,TFIO,TF1?,TFif,TEMIZ1,
4BETII,IIFT2I, RET3I, ALP4I,? 2, 1,0), FAC TOR

BASE =16.
CONST =2.77759

r
CALL '4ASK(O)
IF(NI - 1) 27,7A*?R

;07 IFRRx
GO TO 193

'B ERR = 0
FACTOR v 0.

7 N~uPJ4+1
ROnOTR(N41 wo.
ROOT IIN41-0.
1-1-1
JF(N4-Nl~lQ,17q1Q 255
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9 CONTINIJF
IFICOEMI) 1909192,090

190 TEMP x DABS(COE(II/cnF~1)
TEMP -ALOC,(TEMPi/CnNSTfUT-1)
K2? T~FMP + SIGN(.15,TFMP)
TEMP = DASS(COF!I')
TEMP = ALOnITEMPI/CONST
Ki = TFMP + S!GN(."5,TEMP)
0O 191 1 I,N2

191 COEMI = COE(!)/BASF**(KI + K2*(T-1)J
FACTOR = ASE**K?
GO TO 10

1q? IERR = 3
193 DO 194 I1 1,Nl

'ROOTR(h) = 0.
ROOT!!) = 0.

194 ISWUU) = I
RETURN

10 AXR=O.8
AX 1=0.
L=1
N3=1
ALP1R= AXP
ALP! 1=AXI
!4=l
GO TO qq

11 BETIR=TFMR
BET 11=TEM!
AXR=0.qS
ALP2R=AXR
ALP 1= AX I

c.n TO qq
12 BET2R=TFMR

BET21=TEMI
AXR-O. 9
ALP3R=AXR
ALP I =AXI
M= 4
GO TO Qq

13 BETAR=TFMR
AFT31-TEMI

14 TEInALPIR-ALPIR
TF2-ALPII-ALP31
TE5=ALPlR-ALP2R
TE6uALP3 1-ALP?!
)EMwTE ;*TFS*TE6*TF6
TE~ut TFI*TE5.TF7*TFA~fTFM
TF4.(TF?*TFS-TFI*TF6)/TF'I
TE7&TFI#l.
TE9uTF 3*TF-TF4*TF4
TEl 0m2. *TEI*TF4
f~lE1'TF7*9ETIQ-TF4*PkF TAT
nEI6nTF7*RFTI! .TF4*AFTIP

256



NAVTRADEVCZN 68-c-oo5o-2

TEl Il=TE3*"ET?R-TE4*PET2! +BET IR-lE 1 5
TE12=TE3*8FT21+TE4*-RET?R+3ET11-DE16
TE7=TE9-lo
TEI=TEq*RFT?R-TElO*PF~T71
TE= ~ RT141 EIO*qFTP
TE I3-TFl-RET IR-TF7*IF T3P+TE 1O*PEFT'A
TEL4=TF2-BETI J-TF7*E ET'1T-TE lO*BET'AP
TEl 5=DEIS*TF3-OF16*TF4
TE 16=nFlS *TF4+DE 16*TP 3
TE1=TEL3*TFII-TF14*TE14-4.*(TFI1*TE19)-TE12*TFi6)
TE2=2.*TF13*TF14-4.*(TFI?*TE15+TF11*Tr-161
TESTI=OABS(TFlI
TEST?=OARS (TE2?)
IF(1'ESTL-TEST2) 300,301,301

300 DIV=TEST2
UPP=TF~cT1
GO TO 303

301 OIV=TFSTI
UPP =TF ST2

qqq nlv= I.r)-70
303 TEM=OIv~flSQRT(1.,(uppfO1v)*tupp/rn1v)

IF(TE1 1111,113,112
113 TE4=flsQRT(.9*(TEM-TF~l)

TE3=.5*TF2ITF4
GO TO IIl

112 TF3=DSQRT(.5*(TFm4TEI))
IF( TE21 IlI0,p2CCv 700

110 TE3z-TF3A
200 TF4=.'5*TF2/TFI
IlI TE7=TEIITgl

TFA=TEI 4+TF4
TE9=TEl 3-TF3ý
TE 10=TF-I 4-TF4
TE1=?.*TEI'i
TE2=?. *TFl1%

?04 TE7-TFQ
TF.BuTFIO

?05 TEM=TE7*TF?,+TFPa*TFq
MFTEm -l.fl-70) 9qR,997,997

q994 TM- 10-'70
997 TElufTE1*TE7 + tF7 OTFAI/TFM

TE4=(T77*TF7-TFl*TF~)/Tv'4
AXQ rALPAR4TE 3*TE %-TF 4*Tl:..

AX 1-ALP3 I TP'3*TFfo+TF4*T;:c
ALP4IkuAER
ALP14IzAXT

r,O TO ~Q
15 Nfula
IR (11 wDARS (HFLt ) *nARS ( PFLt

TE inARSt AL PIR-AXRl .flARIf ALP' 1-Ant)
T¶EI72 rAIRedAXRI lARS( AXT)
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C IS THE FUNCTION VAL11E NEAR ZERO ?
IF 1 (1 -1.0-20 )l1161,pll 16

C IS THE ROOT SMALL ?
161 IFITFE7-l.0fl-03)l67,16,16
r IS THE CURRENT ESt1MATE FOR THE POOT FSSFNTIALLY
C THE SAME AS THE PREVIOUS ESTIMATF ?
162 IF(TE7-l.Ofl-121 18,17,17
C ARE THE CURRFNT ANO PREVIOUS ESTIMATES OF THE ROOT ESSENTIALLY
C THE SAME WHEN COMPARFrO TO THE MAGNITti!E OF THE ROOT ?
16 02-TE71 TEF?

IF402 - I.F-7)18918917
17 N3wN3+1

ALP IR= ALPý)
ALPI!: ALP? I
ALP2R=ALP3R
ALP'I=ALP3I
ALP3R=ALP4R
ALP3I=ALP4I
BET1R=9ET?P
BETI I='3FT2I
RET2R=RETIAR
BET? I=RFT 3!
RIET3R=TFMR
BETI!=TFMI
IF (N3-?OO 1l4,?5 ,7S

25 TSWT = I
GO TO ?6

18 ISW? = 0
26, N4s = N4 + I

ISWI.N4) = ISWT
ROOTRI N4 =ALP4R
POOT!l N4)=ALP41
N1=O

41 IF( N4-N1) 30 v37, -4
17 CnNTINUF

!F(FACTf1R) 140,140,118
138 no 13q I = 1,NI

ROOTRUl) -PnOTR(I)*FACTrIR
ROOTIflT = ROnT!(fl*FACTnR

119 COE(l COFII)*ViASE*elK1+K?*t1-l))
COEIN2) =rOF(N?)*BASE**IKI.K?.Nl)

140 n0 141 tu1,NI
IF(!SWITIf 1419141,142

141 CONTINUEF
JERR a0
GO TO 1001

14 IFRR a1
3001 RETURN

A0 IFfDARS(RnnTI(N41/RvnTR(N4)1' - 1,F-51 10,10l,111
131 IFfISWT) 31,13?,31
132 GO TO (133s13419L
133 N~4 a N4 * I

M4, a N4
GO TO 111; 258
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114 M4. = N4 - 1
135 P0OTR(hM4) =AXR

ROOTI(M4) =-AX!
ISW(M41 = 0
!F(M4 - NI) 10917037

31 GO Tfl(32,l0),L
32 AXA=ALPIR

AXlr--AL PIT
AL PI 1=-ALP!!I
Mu 5
GO TO 99

33 BETlR=TF'4R
RETII=TEMI
AX R=AL PI
AXI=-ALP?!
ALP21=-ALP21
M=6
GO To 99

34 BETR=TEMR
fBET21=TEMI
AXR=ALPIR
AXTI=-ALP3 I
ALP3I=-ALP3II
L=2
M='A

99 TEMR%.CCE(l)
TEMI=0.O
00 100 1=lN!
TEl =TFMRI*AXR-TFN I*AX I
TEMI=TF4!*A XR.TFMR*AX!

100 TEMR= TFi.cnE(ilii
HELL=TF MR
RFLL=TFP4I

42 IF (N4) 1029,101910 7
102 DO 101 !1,1N4

TEMI-A'(P-ROflTR ( T)
TEM2uAE 1-ROCT 1(I)
TEl ZTEMl*TEMl.TFM2*'tvm?
TE2=(T PTFITF TF /TEI
TEMix(TFMI*TF41 -TEMR*TFM?)/TEI

101 TEMR-TF7
103 GO Tn(I.1?,13,15,13,141,4

E Nn
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/1JOB EC3?0
// EXEC FFORTRAN

COMMON A(595925)9 AA(25), NP1I
DOUBLE PRECISION A, AA9 C(I)v AltA29A3, ROOTR(1O)9 RnOfTI(l0)
DIMENSION ISW(1O)
EQUIVALENCE (C(1)9AlI,(C(2)tA2), (C('3),All
IN z I
TOUT a 3
I INSPP=56

4 CONTINUF
READ (IN,1OIYVD9 YV, YPfl, YP, YR0, YR
IF(YVD-999. )R,6,6

6 CALL EXIT
R CONTINUE

READ (IN91OIAKVO, AKV, AKPDt AKP, AKRD, AKR
READ (IN9lOIANVn, ANV, bNPfl, ANP, ANRO, ANP
READ (TN,10) AL, AM,AIXAIZ, R, Z8, RHO
READ(INIOI YVAV, YVAR, YPAP, AKVAV, AKPAP, ANVAV9 ANRAR, ANAVR
READ(JN,1O) RRAR, VPAR, PRAR
REAO(IN,11) IDIV

10 FORMAT(8F10.51

YVH- YrV'
YPH- yp
A KV H A KV
AKPH= AKP
ANVH= ANV
ANRHw ANR
IPAGE = I
WRITE(!OJUT,12) IPAGF

12 FORt4ATtIHl,5OX, EC320'40X,'PAGFI,IlO/)
WRITF(ITOUT,421
WRITE(IflUT,040)YVfD, YV9 YPD, YP, YRD, YR
WR ITFt ifIUT,44)
WRITF(inuTj,O'0)AKVfl, AKV, AKPfl, AKP, AKPn, AKR
WR ITEt ifUT9161
WRITF(IOIJTO40)ANvfl, ANy, ANPn, ANP, ANPO, ANP
WRITF( IOUY,48)
WRITF(tnUT,O4O)AL,AM, AI~t At?, R, 78, RHfl
WRITE (lTOUT 4q91
WRITE(IOUT,40)YVAVtYVARYPAPAKVAVAKPAPANVAVANRARtAPJAVR
WR ITET InUT,. O)0
WRITW(OUT,401PRAP, YBARt PRAR

40 FORMAT IH ,PF16ofi)
42 FORMA ( IN ,8exYVO', ix9,'YV' , 4X, YPnl,,1 3X, IYP' , 4X, .Y~rn,

44 FORMAT11 IN ,X,'KVO',l3X,'KV',14X, 'KPO',IlX,'KP',14X,'9(Rfl,
lII3xt'KR')

46 FORMATIIH ,BIX,'NVrs9l3X,*NV$9l4ENPntiIE,INP6,l4X,INRr)S,
113X*'14R')

48 FORMATI1H ,PX,1L',I5X,'mI5SX,'fEO14X,'l?',14X,'B',1'%X, ZR',
I14X, 'RHO't)

49 FORMATIIN 9 SXYVAV I tI X 1YVAR'1,l1?X 9'1YPAP',1 9 7,' KVAV 0 ,12
l'KPAP' ,12X, 'NVA V ,12X, NQAB R"92E,'NAVO' )
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50 FORM'AT(H ,8X,'RFBAR' ,2X,'VRAR',12X,'PRAR')
WR I TH !fUT,521

52 FORMAT(LH/l
WRITE( !flU',54

54 FORMAT(IH ,PX,'YV0,14X,'YP',14X,'KV' ,14XOKP',14X,'NV',14Xp'NP'/
11 isX 'stAl',l4X,'A;' ,14X,'A3',14X, 'A41,14X, 'A5',14X,'U'/

LINS IQ
56 CONTINUF

REAl) fIN,1O1 )U
IF(U)5994958

58 CONTINUE
U= U* 1.689

62 CONTINUE
DIV U 1
GO TO 6~5

64 DIV = I1.
659 CONTINUE

YV zYVH +(YVAV*VRAP.AL*YVAR*RPAP)/DIV
YP = YPH + AL*YPAP*PIAR/nl!v
AKV= AKVH+ AKVAV*VBAR/DIV
AKPm AKPH ,AL*AKPAP*PlBAQ/fliv
ANV= ANVH + ANVAV*VBAR/DIV
ANR= ANPH +fAL*ANRAR*RRAQ+ANAVR*VRAP)/DTV
N=?2
NCOL =I
M =N*NCOL+l
no 60 T=I,NCflL
00 60 J=1,4CflL
n0 60 K=19M

60 AfI,JtKý=0.
RI RHO*AL/7
P1Ž RI* AL
QL3 = PL? * AL
R14 =RLI * AL
P15 = L4 * AL
P1411 = 14 * 1)
PL3U =RIA * 1)
Al =0.

A2 = LI*YVD-Am
Al q1,7*U*YV
CALL PI&4CF(19IC)
A?m A14*YPn
A3= RLIIJ*YP
CALL PLACF(1l,9C)
AZ. P14*V0' D
Ala 06 -41*YP -AM*iI
CALL PLACFt 193,C)
A2 x OL4*ANVfl
A3*PLAUSANV
CALL nL1VF ~t-AI,r W

A2=P1'S*Ahn~f 278
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A 3-RL4kJ*ANP
CALL PLACE(392,CI
A2x RL5*ANRD-AIZ
A3z PL4U*ANP
CALL PLACHt3,3,C)
Al = RL4*AKVD
A2 = RLIU*AKV
A3 a 0.
CALL PLACE(29lC)
Al-RLS*AKPD-AIX
A2 = RL4ti*AKP
A3 = 87
CALL PLACE(2,2,FC)
Al =R15*AKRfl
A2=RL41i*AKR
A'4=0.
CALL OLACE(2,3,C)
CALL CHREQN
NP1=NPIt~l
IF( LINS-LINSPP)80970,70

70 IPAGE=IPAGE.1
WRITE(!r)UT,12l IPAGF
WRITEI OUT,54)
LINS=5

R0 WRITE(InUT,401 YV, YP, AKV, AKP, ANy, hNP
WRITF(IOUTq40)IAAIl),IslNPI ~, U
CALL '4ULLERIAA9 NPIIRflOTR,RflOT!I9SW9 IFRR)
WRITE( IOUT,401(ROOTR( I),R~flTI( I), I-lNPIlI
WRITE( !UT952)
LINS = LINS + 4
GC Tn 1;
E Nfl
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/1JOB Er 150
EXEC FFORTRAN

DIMENSION Y1500)9 T(50019 NAMF121
I Na
IOU Tm
P1 a 3.14159
TWOPI -j .28318

10 REAOIN201 N
20 FORMAT(16I5)

IF(NIt 3, 22, 23
22 CALL EXIT
23 CONTINUF
24 FORMAT(F1O.5,?A41

READITN,241 U, NAME
25 FORMAT(2FIS.71

REAOIIN,251 ARG, Till
YII) CO.
no 30 1-29N
RtEAOHIN,?5) YII), Till
Y11) - Y(TI-ARG

30 CONTINUF
REAO(IN,35) ARGnf

35 FORMAT(RF10.5S)
IPAGE 2 1
LINS -

LINSPP - 52
WRITE(IOUT9361 PAGE
IPAGE wlPAGE+1
U aU1*l.689
WRITE~iOUT93R) U
WRITE(IOUT,40) NAME

16 FORMAT(I14150XelC15O', 40X**PAGF',I7/)
18 FORMAT(II ,*Us ItEI3.6/1
40 FORMAT1tH *9X,'T99 14X,?A4/)
41 FnRMAT(1H ,RE16.6)

n0 43 1.!, N4
WRITEIIOUT9411 III), YMI
LINS u LINS + I
IF(LINS-LINSPP)A3947947

41' WRITE(IOUT,361 IPAGF
IPAGF a :PAGF * I
WRITF(InUT9401 NAME
tINS a 4

41 CONTINUE
C FIND LAST MIN

no 100 1u1,N
J a N-141
IF( Y(II- YIJ-111bl10(,0O,9O

s0 EEtyli-1) - YiJ-2)1)IO1001100
too CONITENIJ
110 YMIN u YtIJ-tl

T5 - IJ1
K a -

C FEND PRfCFF0IW. RAX 283
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J =K-T+l
IF(YE J -YJj- 1))125,150,150

115 IF(YIJ-11-Y(J-2))15091509160
150 CONTINUE
160 YMAX = yfJ-1)

T4 cTIJ-I
C CIV4PUTF Tf)

TZ a 4,61/nl
PEST = AMODtR*T4,TwnpiP
PEST =PEST - Pf
TEMPI = EXP( G*(TS-T41')
TEMP? = FXP(-A*T4)
A2EST &-(YMAX-YM4IN*TFýMP1)/(TEmPl*FXP(-A*Trs).TFMP2)
AlEST =(Y'4AX4A2FST*TEMIP?)fFXP(-G*T4)
A3FST = -(AIFST+A7FST*CflS(PEST))
WR!TE(TflUT,16) IPAGF
[PAGE = IPAGE + I
WRITF( fIr)Ut,00lYmJN,YmhXTZT4,T5
WRITFUnUT.,?04J A,B,GPEST,AlEST,A?EST,O, Pi3FST

200 FORPAT(IM ,9X,IYbl!NI1X,'YMAX ,Il1X,'T0',13(,#T4', 13X,'T5'f
1 1H oSF)6.6/)

204 FORMAT(IH ,OX,IA1,14X, 'R',14X,'G',14X,'P',14X,'Al',13X,'A?,9

GO 10 10
FND)

284s
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/1JOB EC110
If EXEC FFORTRAN

DIMENSION THTA(5001, T(500)9 NAMEM?
IN= 1
IGUT
P1= 3.141591

2 PFAD(IN,1O) N
I F ( N ) 4,9 3, 4

3 CALL EXIT
4 CONTINUE
REAm(NAi U, NAt4F

8 FORMAT (F 10.5,2A4 I
10 FORMAT( 1615)

REAODMN2O) YZ, T~l)
20 FORMAW215.71

DO 30 1=;',N
REAO(IN,?0) THTAIT), T(I)
THTAIII= THTA(I)- Y?

30 CONTINIIF
I PAGE=l
I INS=6
L INSPP=52
WRITE(TOUT,31) IPAGE

31 FORMAT(1H1,50X,'ECI30',4OX,'PAGF',I7f)
IPAGE = IPAGE +
U = U*1.689
WRITE(IOUT,32) U

32 FORMATMH ,'U= ',Fl3.6/)
WR ITE I!IOUT,9331 NAMPE

33 FORMAT(IH t9X,'T',l4X,?A4l)
n0 36 1=19N
WRITE(IOUT,34)Tff), THTAUl)

34 FORMATII ,PEIA.6)
LINS = LINS + 1
!F(IINS-L INSPP)36,3S,3';

15 WRITF(TOUT93I)IPAGF
IPAGE = IPAGF * I
WRITE(IOUT,33)NAMF
LINS =4

36 CONTINUF
WRITE(iflUT.11) PAGE

C FIND TIMF OF FIRST CROSS INn
on 40 1-69 N
IF (THTAI 1)) 50, 40,40

40 CONTINUE
50 Y1 w TI4TAI'I-I)

Y2 x THYA(I)
XI - T(I-1)

X TII)
TI XI+ Yl*tX?-Xll/(Y1-YP)

C FIND TIMP flF SFrflNn cQnssimr,
no 60 Ka~ It N
IF (THTI&I1) )A,61,70

60 COnNTIN()F 287
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70 Y1 w THTAIK-1)
Y2 a THTA(K)
X1 = T(I(-1)
X2 a T(K)
T2 - XI.. Y1*(X?-Xll/(YI-YP)

C COMPUTE PERMfl
P = T2-TI

C COMPUTE RFTA
BETA =Ph'P

C COMPUTE PST
PSI 13FTA*1l1- PI/2.

C COMPUTE T3 AND T4
TEMP P/2.
T3 = Tl-TFMP
T4 = Tl+TEMP

C F INO Y3
DO 80 1 = 1,N

80 CONTINrI
qo VI = THTA(1-1)

Y2 =THTAM!
X1 = T(T-I)
X2= T(I)

Y3 = Yl4(T3-Xl)*(Y2-Yl)/IX?...XI)
C FImn Y4

00 100 K= T,
IF(T!K)-T4) 100,100,110

100 CONTINUE
110 Yl = THTA(K-I)

Y2 =THTAIK
X1 T(K-I)
X2 = T(K)
Y4 = YI +(T4-XI)*(Y?-Yl)/(X-X1II

C COMPUTE ALPHA
ALPHA - ALOC(-Y3/Y4)/P

C COMPUTE A7
A2 = Yl/FXPl-AL0HA.Tl)

C COMPUTE Al
Al a -A?* CnS(PSI)

c CnMPUTE aAMA
tEMP = 4*X(APA61csBT*.PI
ARG zITHTA(4)..TF4P)/Al

TF(ARG,)112,112,I14
112 (nAMAN x 1O.* ALPHA

ALPN vALPHA
WRITE(TOUT,1701 tPHqlTAG"NPSl
GO Tn t26.

114 CONTIN.IF
GAMA v -AL0G(AP(,)1i'
WRIT~t tOUT. 170)ALPHAPFYAGAM&.Dý! A1 A?
TEMPt. A1*FVP(-GAMA*Tl)
TFMP2 YIA-TFMPI
ALPN TFm02 /E-Y4+A!*FXP(-C.A"A*T4))
ALPN =ALnG(ALPNI/P 288
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A2N = TFMP?/FXP(-ALPN*Tl)
AIN =-CrlS(PSI)* A7N
TFMP = A?N*FXP(-ALPN*A.I*COS(ISETA*6.-PSII
ARG = (THTAt4l-TEMP)/AIN
IF(ARG) 121,121#122

121 GAMAN = 10. * ALPN
GO TO 125

122 GAMAN = - AtCG(ARG1 /6.
125 CONTINUJE

WR ITE ( IfUT,170) ALPN, BETA, CAMANPSIA iNA2N
126~ CONTINUF

C FIND MAx ORfl
DO 130 J= 79N
IF( THTA( JI-THTA'(J+1) P01'330,140

110 CONTINUE
140 T3P = T(j)

Y3P = TH-TA(J)
C FIND MIN flRO

DOl 150 K= JN
IF(THTA(K) I 45,15c,150

145 IF(THTA(K)-THTA(K+1I)160,150,150
150 CONTINOF
160 14P = TBK)

Y4P = THTA(K)
A2 =Y3P,(-Cr2S(PS! *FXP(-GAMAN*T3D).FXP(-ALPN*TVr))*
1COS(BFTA*T3P-PS I))
Al = -A7*COS(PSI)
WRITF( rr)Ur,170) AIPN,BETA,(;AMAN,PSI,AI,A?

170 FORMAT(//1H ,9X, 'A',l5Xt 'g ,!5X,IG' ,ISXtOP',15X,fAl',14X,IA2'//

GO TO 2
FND
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I'JOB EC310
1/ EXEC FFORTRAN

DlIMENSION T1500), Y1500), X(101
DhMENSION FIUFF(3000)9 FCNlt5001, !Y(2)
COMMON T,Y,NPTS,FCNl,ISWI
IN = I
ICUT = I
IOPFN =0

3 CONTINUE
LINS z 9
LINSPO 5?
REA0(IN,'5) N, NUbISIG, MAXIT, IPRINT, NPTS, I'SWlv TPLOT

5 Pr-RMAT(161'i)
1Ff IPLf]T)6,P,6

6 IF(IOPFN) 9,7,p
7 CALL PLf'TS(SUFF, 12000, 7)

IOPEN = I
9 CONTINOF

1Ff N) 20, 10,2
10 CONTINUE

IF(IOPEN) 12,15,12
12 CONTINUE

CALL PLOT (6 0,0 .0,90q)
15 CONTINUE

CALL EXIT
20 CONTINUF

READIIN,22) U, TY
22 FORMAT(FIO.5,?A4)

U =U*l.689
REACt IN,25) ARG, T(I)
V (I) = 0.
no io Y = ",NPTS
READIIN,25 )Y(I),TUl
Y(I) = YII) -ARG

25 FORMAT(2FI'S.71
30 CONTINUF

C REAfl INIT14L A, 9, C, Pt Al, A,, 0, Al
READ(IN,35 ) lXtI), I 19P

35 FORMAT IRFlO.51
1Ff 15W))40,312,40

32 cnNTINIJF
CALL SYSTE'4N, NIJMS!G, mAXIT, IPOINT, X)

40 CnNTINUv
CALL AlfXFCNIXYpvnldInIM4)
nnO Po 1 a 1, NPTS
IF L INSPP - L IN,; 4?A, 4294

4> LINS v0
WRITE I iOIJY 441 l~fK) *X'I,')

1 'D'91%Xq$Al'/lH 9,qU6e~qIIH ,14X*'Tf qj9X'YV~'qjiRE,'YT*/j
46 rnNT J'JIIF

WRITf II'lijT, 4.) TI!fit F(NIIIfit Yff)
tINfS -!IN", # 1

29I4
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49 FORMAT(1IH v3E20e6)
40 CONTINUE

M (IPLoT)i 50, 3, 50
50 CONTINUF

CALL FCNPLTfTpF',NlvNPTSqXU9F, IV)
WR ITE( IfUTs90)

90 FCRIMAT(IHI)
GO TO
FND

295
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SUBROUTINE FCNPLTiX, YF, YT, N, VAR, U, NVAR, TY)
DIMENSIOiN VARM¶
DIMENSION X11), YF(1)t YT(1), r)umx(2), nu4VUg)
DIMENSION !TABIA), IFIT(21, IWK(10), IY(1)
IU tfHFX(14,4,4,O,7,14,4,0)
IWK( 1 IsIHEXfI12,1,4,0#,?, 4,4,0)
TWK(21mIHEX(I2,2,4904,7,4,4,0)
IWK(3)'uIHEX( 12,794,0,7,14,4,0)
JWK(4)wIHEXl13q7t4,0,7914v470)

IWK (6)zTHEX( 12, 1 15, ?,7, 14, 4,0)
IWK(7)zTHEX (12v4,4ý0,7,14,4,01
IWK(R) =IHEX( 12, 1#15,3,7,14,4,0)
IDSH= THEX( ,069 t, 0, 6, 0,4,01
! TA84l) =IHEX(14,3,l? ,1 ,12,2,14,4)
I TABIl )= IHFXt, 13, 3, 12 91 140~ 1 2,S)
ITAB(3)= IHEX112, 4,4, 0,4, 0, 4,0)
IF IT( 11=IHFX( 12 .6,1?,9914,3, 14.13)
IFIT( 7 =IHF-XI12,5,12,4,4,0, 4,0)
IX=IHFX (14,3,4,0,4,0,4,01
nIV=20.
flUMXt1)=Xl(1
nUPmx(?) = x(N)
VMAXz-1999.

TFfYF( I)-YM4AX)40,40,30

40 IF( YFf I)-YM N) 50,A0,60
50 YMIN=YFItif
60 IF(YTftI)-Y'4AX)fk0,A0,70
70 YMA X=VT( I
90 TF(YTU)l-YM4!PN)qv,1QC,100
10 YMIN=YT(I)

100 CONTINLJF
DUP4Y ( I IY'4IN!
fl"I4Y(11 =V4Pt X
CALL P101n(0.0, 1.0, 10-4
CALL ý CAL F(fltP4X q9. S t, 1 . nTV 7)
CALL ýC4LF(DUMV,6.097,1#,OfV,l)
CALL AXIS( 6.090.09 1 X,-4,9OQ. 0,t'IlVv?)
(ALL X(6OOOV,,.,I0,l,1
HIGH .134
ýTR= .5

XH 6.
CALL SYf"RQI. f ",TA ,XNHTGH I'I U
CALL ~fi4,SER 1 -0.*0 9-0 -0, -0.0,IJ,000
YH a STR + .75
nnlio I1 = !,NvAR

105 CONT I %Ur
CALL SY~krflttYH,XH, HIrH,Hd4KfT),Q0.0, 4)
CALL NlJIJqEQt-f.,0 -0.0. -11.0, Vi411),V).09 A)

".H =Y14 +
2 ¶6



NAVTRADEVCEN 68-.c-0050-2

110 CONTINUF
III CONTINUE

CALL SYM80LWYHXH, HIGH, insH, 90.0, 4)
CALL SYM4BOL(-0.09-0.O,-0.0, ITAB, 90.0, 17)
YH = YH + .125
CALL PLOT(YHqXHt 1)
CALL PL0T(YHXH4.3I?5,?)
YH= YH+.125
CALL SY'4BOLtYHt XH+5,S HIGH, JUIT, 90,0,P)
no 120 1 = 19N
YTMI = -YTUl)
YFMJ = -YFII)

120 CONTINUF
CALL LINE(RMINvDL90,-191,0)
RMIN = -(RMlN4,nL*6.0)
CALL LfNE(RMIN,flL,0,1,1,0)
CALL L!NEfYTX, N, 1, 0,050500)
CALL LINFIYI~,Xt N, It 0, 0)
rAIL PLOT( 9,59-1.0,-23)
RETURN
END
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SUBROUTINE AUXFCN( X, F, K)
DIMENSION T(500)9 Y1500), X(l)
c0mmnO,,. TYNPTSFlrN1(500),TSWI
A- X~l)
BU X(21
G- W()
P- X(41
A 1=X('5)
A2=X(6)

n m X(7)
A3= X18)
F=O.
DO 80 J=l,NPTS
AT=-A*T( I)
BT=B*T( I)
GT=-G*T(t)
DTz -r)*T(!)
FAT=FXP(AT)
F GT=E XI' GTI
EDT =FXPCDT)
Tl=RT-P
CSN=cOs( Ti)
SSN=S INCTi)
T2=EAT*CSN
T3uA2*T?
T4= Al*FGT
T5=A2*FAT*SSN

T6 A*FDT
FCN =T4+TI+T6 -Y(T)

2 FCNl(T)=T4+TA4-T6
nC TO Q0

4. rONT INUF
rO On (10,ý'0,30,40,1;0,6fP,62,64), K

13 CONTINIIF
PAR:-T(I) *T'-
GC TO 70

20 CONTINIJF
PAR=-TE I ) *T'r
GO TO 70

30 CCNTINIJF
PAR=-T( T)*T4
Cr TO 70

41) CONTINJUF
PAR= TR
GO TO 70

RO CONTINUE
PAR=FGT
GO TO 70

AO CrNTIN!JF
PAR zT'>
GO TO '0

6 ; C CNT IN101F
PAR = -T ( I T4 9
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161 CALL AUXFCN(X,FPLUSKl
PARTI ITEMP)=(FPLUS-F)IH
X (I ITEMP) u-OLO
IF(ABS(PART(ITEMP)I)i 305,310,305

305 IF(ABS(F/PART(ITEMPI) - 1.OE.20) 200,200,310
310 ITALLYsITALLY~l
200 CONTINUE

IF(ITALLY - N + K)202,202,3l1
311 CONTINUE

FACTOR=FACTOR* 10.0
IF(FACTOR - .15) 135,135,775

20? IF(K - N) 203,312,312
312 CONTINUE

IF(ABS(PART( ITEMP)) 1313,775,313
313 CONTINUF

COE(KN+1')=0.0
KMAX=I TEMP
GO TO 500

c
C FIND PARTIAL DERIVATIVE OF LARGEST ARSOLUTF VALUE.
C

203 KMAX-LOOKUP(KK)
nERMAX=ABS(PART(KMA XI)
KPLUS=K 4!

00 210 !-KPLUSN
JSUB=LOOKUP(K, I)
TEST3 ABS (P ART(IJSUB I
IF(TEST-nERMAX) 209,314,314

314 CONTINUE
0 ER MA X-TEST
LOOKUPIKPLUS,[ )=KMAX
K MA X= JSU
GO TOl '10

2Oq LOOKUP(KPLUSI)=JSUR
210 CONTINUE

IF (ABSI PART (KMAX) 11315775,315
315 CONTINUE

C
f, SET UP COEFFICIENTS FnP KTH ROw OF TRIANGULAR LINEAR SYSTE4 USEr)
c TO BACK-SOLVE FOR THE FIRST K XII) VALUES.
C

I SUB (K) 2KMAX
COEIKN41)=O.
0O 220 J-KPL(JStN
JSUB=LnOOUPIKPLUS,J)
COEtKJSUR)u-PART( JSUR)/PAPTIKMAXI
COFIKN~l ImCOE(KN.1I*.PART(JSUS)*XIJSUB)

2?0 CONTINUE
500 COEIKN.1)UICOEIKN1I)-FI/PARTIKSIAX)4XICMAXI

C BACK SUB~STITUTE TO OBTAIN NEXT APPpnxIMATInN TO x.

X(KPAX I -COF I NtN+ I
[F(N - 11316,610,31630
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316 CONTINUEF
CALL RACKlN-1,N,X,1suBqrnF,t nnKllP)

610 IF( M- 1)690, 650, 6?'
r
C TEST FoR CnNVFRGFKIC.F,

625 nO 630 1=1,N

610 CONT I NLF
JTEST=JTFST+l
IF(JTFST-3) 650, 7?5, 7?5

64q JTEST=1
650 n0 660 1=19N
660 TEMPII=X;U)
700 CONT INUE
729 IFt !PRTNT-1 )8rO,V 7,8OO
3417 CONTINUF

DO 750 K=1,N
CALL AUXFCNfX,PAPT(K),K)

750 CONTINIJF
WRITF(KOIJT9751 I (PAPT(K),K=1,N)

751 FORMAT(//' FI)Nr TI ON VALlurs F VA LIATF0 AT F INAI- Appp1x I AT ION Fm LO
1W 'fI(6E?0.1))
GO Tn Qjo

775 WRITE(I(OIJT,776)
776 FORMAT (120lX, 7IHMnnIFTFnl JACnRI~AN IS STWAJL AP. TRY A r)TFFFRFENT I

INITIAL APPROXIMATTON. I
POO RFTURN\

F Ni

302
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SUBROUTINE BACK (KM!NtNXISUBCOELOOKUP)
C
C THIS SUBROUTINE BACK-SOLVES THE FIRST KMIN ROWS OF A TRIANGULARIZE
C 0 LINEAR SYSTEM FOR IMPROVED X VALUES IN TERMS PREVIOUS ONES.
C

DIMENSION X(30),ISUB(30) ,COE(30,3Ib9LOOKUP(30,30)
00 200 KK=1,KMIN
KM=KMI N-KK 42
KMAX=I SUB t KM-1I)
X(P(MAX )=0.O
DO 100 J=KMN
JSUB=LOOKUP( KM, Jl
X(KMAX )=X(KMAX).COE(KM-1,JSUB)*X( JSUB)

100 CONTINUE
X(KMAX) =X(KMA X) +COE (KM-1,N+I1)

200 CONTINUE
RETURN
END

303
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//n JflI E7QO
If EXEr FFORTRAN

OJMrNST9N cAVE('.O,16). !Lflc(i6), BIJFF(,AooV)
RFAI IX,YYTY, 1, Xv, XZ, TV,

CnmMMN H, HMAX, HmiN, nH, FrT, ri, NCS, N, ISI, KNPNT

COMMON TIIMv QRnfL?, QHr!11, RHnL4, RHnL9, WMR, FTA, FTAMI, PSW?

COnmmnN X009 XKRR XRP, XIJP, XVR ,XWO, Xltit, XVV,
I ~xww, xnloRp, xosnS, xODfl', XVVE, XWWF, xnppi)F, xnsrisp

COMMON VRog VPO, VP'AP, VPQ, YQR, YVV, YVQq Vwp,
IYWR, yo, Vp, YAnpO, YVAR, YSTR, VV, YVAV,

2 VVW, VflR, VDF, VVF, YVAVF, VPRF
r

commONi zon, ZPP, 7'RR, 70P. ZWr), 7VP, ZVP, 7r%,
I ZAQns, ZWAO, ZSTP# ?W, ZWAW, YAW, ZWW, 7Vy,
2 7neS, zns, 70p, ZWF, ZWAWF, 7OSr

COMMON 'iKP'), AKRO, AKOR, AKPQ, AKPAP, AKP, AKR, AKvn,
I AIKV0, AKWP, AKWP, AKSTP, AKV, AK(VAV, AKVW, AKIR,

1) AKSTRF

COMMON AMOP, hMPP, AMQP, AMRP, AMQAQ, AMWD, AMVP, AmVn,
1 ~AMO, AMAQns, AMAWQ, AP4STP, AMW, AMWAW, AMAW, AMWW,

AMVV, AmOS, A'4flf, A'4F, AMWF, A'4WAWF9 AMDSF

COMMON ARfl, ANpn, ANPO, ANOR, ANPAR, AN't' r, ANWP, ANWO,
I ANVO, ANP, ANk, ANAROR, ANAVP, 'ýNSTR, ANy, ANVAV,

ANJVW, ANnp, ANDF, ANJVF, ANVAVF, ANDQF

COMMONJ TX, TV, Ti, TYY, TX7, TV?

r
rommPnj fR, rn, (jr, PO, Yl.; JR

r

cnmmOni ODMAX, FTAHI, rYArri, All, A1?, A"'

C.OMMON A?!, A72, A714, A2A19 A32, 63-1

C.OM 9 ON xnl YC,, M,

Cflp iON ILnOC, 1PfLnT. jouN, TOPEN, NPt TTrPT

rOMMON rImFP, R19 !FLTMA, SWmAX, 07, nFLTMf, n-,F, OQF, TCyr, N-,,
I INTSW

r
4o% CfNTP"I111

CAILL 11401IT 315
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r

f CflMPUTF Q'-V * L rnNSTAý'TS

RHOH =RHfl*n
RHnL2. QHflH *At 6 Al

PHOL3 = HO11 Al
PHOL4 QHnL1 Al,

PH016  - QHnL4 * 1j

r WRITF OUT HY1r4nYP'NAW Cn rrjVc
CALL WODITf
T z1I.

xPROR= R~r)l-?*)(r)Qr'*T
xDsns= OHIl ?*X(T15)S*T
XDBDB = QHflt?2*xnf* T
All1 = o)L4fL'* Al *T
A12 = O4nI?* Al? *T

A13 = R4nL ý0* Al ' *T
A21 = Q~~h 401 A 71 * T

A22 = 0 11(L. A, 17 T

A73 = Q74nL 7 * A?l * T

A31 = iflL ? * A "I * T
A 'A? WL "* AV 'A T

All = )HnfL7' * A/"" * T

xUfl g= L * xi'i
YR ý MILA * Y P

Y =r OHflL4 * y ' * T

ypn Q Hnt-4 * YPJ * T
YP = QW1. * YD' * T

YV = PWLJI "I V * T

YVAV Q~q * YVAV * T
YnR k ri. * Y fvr) T

YVnf r- t~fn 9 * YVnr

Z , Linlt ' * 7 n
7Qr) ?Hnj 4 * 7(' 1ý

7VR P 'NfL *A ?Vj 4 * T

?TQ Q"41l.7 7STQ * T
714 = ý V1L * YW * T
?WA 4 =ý Wfl ? * 7.4 %1 * T
'VV C'1401_1 Y VV T

7flS 'H'l I * 71'S, T

A~Iun - wi A * D') * T

AKP ='4n( It t AIlI * T

ýxIOI Q *~ Ah( V) 0 T

= -" * AIWV f,

-K A J14111 *1 Ax'Yv
A K Of)



NAVTRADEVCEN 68-c-woo~-2

AMRP = MI~ - YX +QHOL1; * AMRP) *T
AMRP = RHOLF * A'4RP * T
AMWfl = QHOL4 * AmWfl * T
AMVR = 'RHOL4 * AIVO * T
AMO = R'fL14 * IIMO * T
AMAWO =PHII-4 *AMAWQ *T
AMSTR RHnLl AMSTR * T
AMW =PHflL3 * AMW * T
AMWAW =Q~4ftl *AMWAW * T
AMVV =RHf1Ll AMVV * T
AMnlS Q HflL1 Amnfs * T
AmDq' RHr)LI * n4fF * T
AMOD T
T =I7-RHrL9*ANPr)
T= l./T
ANNQ =(TX-1Y+RHflL5*AN1PO)*T
ANPO RHOL'9 * ANPn) * T
ANVO = RHOL4 * ANvT) * T
ANP = RH-OL4 * APNIP T
ANR = QH0I.'. * ANR *T
ANV = RHIOtA * ANV *T
ANVAV =PHfTJI1 * ANVAY * T
ANOR = PHflL1 * Ak'flP*
ANP n = T

7B = CQ * 7fp
CAI.L WQITT
IPCH =I
WRITF(!PCHPO) Xlr)QP, XnySI, xrqjrR, All, A12, All

WRTTE('TDCH,PO) XUnt, YRt Ynq, ypr), Vp, yV
WPITE(y~rH,PO) YVAV, YrnO, YVr, ZO, zon, ZoQ
WRITE( IOCH,PO) 7VP, 7STD, 7W, 7waw, 7VV, MIlS

WRITF(TDrH,00) AKVAV, AI(P'i, AMPI', A'4QP, 4A'wlfn tkmVD
WRfTF(TDCH,PO) ANIO, A'4AWO, AMcTR, A'44, AmWAW, A'4VV
WPITF(TrrCL4,RO) amnfS, A~wVR, AmOn, ANP'), AknPF, amVr)
WO!TF(IOCH,OO0) ANP, AND, 5NV, ANVAV, ANnp, AN~fl
WRjTF(lPrH,Qnl flRmAX, FTAHIT, F:TAifl, rw, rrj, xr
WRITF(IrHtL,0o) M, AL, Am4, noQ, rfe,, n
WP!TFfInrH,P0 71 ti'c, i'yqr, Pig nFLT'4A, -sWmjy
WPTF(TDCH,PO) P7~, DELTUT, f'CFI nQFq(Y(ThqTl,1')

V)FOPMAT14F11,A)

nnl Tr~ &S
FNfl

1317
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SUBRRUTTNF WRITF
nIMFNSTON YfP), TL(121
n IMFNSTOnK SAVE ( )O, 161 in TO(1~ i f JFFf300n)
REAL IVPlv,!7#TXY,1X7,1v7

r
COMM~ON HI, H~mhX, HMTN, 014, FCT, TL, NGS* N, T",19 NONIT

COmMMN TLTM, RIn-4nL, QHnLA, P14r14, RHIL9, Wm'R, FTA, FTA4I, P;W2

rOMmON x~o, YPP, XPP, X1Jt, XVR ,xwo, xu'~U XvV,
1 'I(ww, xODoP, xflSnP, xnlPoi, xVVP, xwwF, XQOIRF, Xn)5flF

r
COMmON YRO, VPfl, YPAP, YPO, YQRq YVTD, YVrQ, YWP,

1YWP, VP, VP, YAPnp, VVAR, Y-,TQ, VV, VVAV,
? VVW, YniR, YQF, VVF, YVAVF, YrORF

commOIN 70r, ZPP, 7PP, ?RP, 7wn, ZVR, ZVP, 70,
1 7AQ:)59 7WAQ, ZSTUR, ZW, 7WAW, 7AW, 7ww, 7VV,

? 7!1n;, 7nR, ?Or-, 7WF, ZWAWF, 71)5F

COMMON AKpO, AKPO, 4KQP, AI(PQ, AKPAP, AKP, AIKQ, 'AKVII,
I A'KVQ, £iKWP, ýKWP, A'~STR, AKV, AKVAV, AKVW, AI()P,

? ~AK-,Tvr

COMMnN AMQD, AMOP, AmOR, AMRF, AMOAO, A'mwf, AMVP, AMVP,
4mO, AmAQflS;, AmAWO, AmSTRt A'4W, 'kWAW, AM&W, AMWW,
AmVV, AmnS, AMnA, AMOF, A'4WF, A'4WAWF, AmmE5

commON ANIPn, IiNPn, ANPO, ANQR, ANAAR, ANVr), ANWP, ANWP,
1 ~~ANVf), ANP, ANR, AKIAE~nl, ANAVQ, ANSTQ, 'tNV, ANV'AV,

ANVW, ANr1Q, AkIPF, ANVF, ANJVAVF, ANORP

rnMMON4 P(, TY, 1', TXY, TX7, iv'

COMMnN rw, rp, [it-, NR, YFI,71

COMMON noD, flc, flQ, DI-Jf, Al., AM

Cflmmo4C% fP UAY I PTAHT, FTAII, All, A17 All

C cmrk COMMON A7', A-41 , Al', -All

cc-mporN TI or, j fY, n lI, TnPFN, NPI T, TnflT

r

INTeW

316b
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WRYTF(I fUT,74)
WR I -F( IrlUT. I XQO, YR!)9 zQo, AKPI), A MOOl, AN Rf, xDA', ypfl, 7PP,
I AKRn, AMPPt ANPr), XRP, YPAP, 7RR9 AKOR. AMQRQ, ANPO, x'.Jn,
2 YPQ, 7RP, AKPO, AmPP, ANOR, XVR, VQR, ZWfl, AKPAP, AMVOAO,
IANPRq, xwo, Vvn, 7VR, AXP, AMWn, ANvn)

I ~FnPMAT( IH I X'oQ I4X,F17.r), IVPDO,4X,Fl 2 ec, 7rfl',4X,r-17.q,
I I Kpr'',4X,F1?.r,' mQfl',4X,F12.'9,' NRnl, 4X(, Fl?,r/ IH.

7'XVR',4X,E12.5', vpR',Axj12?.5,' 7Wfl'4X,FJ17*',9 KDPn,3,4X

WRTTE5,0 IJT,1U Xli,C Y7r),* ZVpn,,FlAKR,

4iFXORMA4tFlSH ,'XJIJ,4 ,F17.%' , ZVQ',4XE12.',' KVO' )X, 12.5,

SF12.5,' I VP 1,4X,F' 2.5,1 hip() f.4XqEI S.5)
WRTTFUn'tiT,?) XW,t YWR,?AO, I AKVQ). ARD14Q, ANVO,. X'RfP QI,4

9Xr)RDR, MOAQflP, ,FIAKSD,$ NDA'TR l, ANA l)R,XVVYVl . WW A

AOXPWflS,4X?25' ~)X,Fl2'.'%' ? *7SRf,4,F12.r%* KPjI,sx,
SF1?.5,1 '4EW Q',4X,F12?.f, Nvnt4XF1.cI1

WR!TFTE( MT 0 T,1) XtillQF YV,, 7WWAK
I AIVW, VANW, A'JV, YW~q Me YA~v, A'VV, AN(l~ WP ,'N

wIXjVr,4X,-12r,,) YVWP,IXr2;, 70 Ab9Tr VVX, F I2.r, I ~n 4,

'innQ, VdWP AMAnS,N~W AN, nFc, 7JP. AZ4TR, V4JOC, AMVW), , A'4')F
?xnVFB, YVAVn, 'WA, AKSTr, A.JVAR, ANA~nR,XVVPYVA, 7W!1WF, A A'fl

1FnlP'ATtlH * 1XWW,4ql.v YVWR,4X,F12.5,I

it V'1,Xt~?.%, MQXFco NVflt4X,El?,rS7*r)I

7oxnDOIXF2.S~ YRIlc;<, r 2.91 W0 Xr12rIK X
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n F12.591 DF'Xr1.~ ,' 4WAWFI,2x,F17.5,wI Nnrt~r,3x,
A E12.5,/lHPX,'rS,,(F?/)
WP ITr IJT,4) IT , lf, Y T XY, TX, 7 1 Y, trw, rq, ilf , XR yq,
78Z, OR, rK, r)I r'Hrl, At., tim

4 FflRMAT(lH I'TXI , 5Y t I2.,r,, TY I IX, FI?.~, 1 7

If 1'Y,4V(1?.5,'# MIX7'4Krl2r, T7 4,'l?5/

71 XC Vt.,, ?'),, ~1, 91hX, F!?r, 3329

1) H, 1NT SW, T ImF-, P1, I ELTMA, S'AMiX, Q7, rnFLT'4, nclSF, rVF, jryr, ~

AN FORMAT1' ,4X,12*I,'Xr?. A A7*,4 ,F 4X*,El. AV -I4,194X,175

41H f'A11I,4X,rj?.r,, I A7'Af,4W,rl7*5,I A3'' ,4XFj?',,

ON IPM T t1NI-A ,' N r f I ', I T ,FIrFLTA191 r .c;, s1M

r

PFTUP'k3
r N'

220
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SUBROUJTINF INPUT
DIMENSION Y131 TL(12), Rnfl(Itsi, YHOLDWI~, rflm(71qj
FQUIVALFNCF (Cflmjil,H)
RFAL IXqIY,17 91 XV, T7,Iv?

commnN H. HMAX, HM!N, On, rrT, TI, NGS9 N, ISI, NONT

COMMON TLIM, RP"L79? PHflLI, RH-404, RHOLS, WM~, ETA, FT4419 15W7

COMMON xQQ, XOR9 XQfP XUn, XVR ,XWO, XotJ, xvv,
1 xww, xPRnR, xnSOS, XDRnBt xvvF, xwwFl, xnp!)RFI, xflSOSýF

COMMoN VP!), Vp!, VPI~pq VPG, VoR, YVn, YVO, YWo,
I VWR, YR, YP, VApnR, YVAR, VSTR, YV, YVAV,
2 YVW, VflQ, VPF, YVF, YVAVE, YORE

COMMON Zoo, 7PP, 7RR, ZRP, 7W!), ZVR, 7vP, 70,
1 ZAQIS, 7WA0, 7STP, 7W, 7WAW, lAW, ZWW, 7VV,

2 7rr-, ?flq, 71)F, 7WV, 7WAWF, 7O~qr

COMMON PKPn, Ai(on, AKQP, AKPQ, AI(PAP, AKP, IAKP, AKVD,
I AKVQ9 AKWP, PAKWP, AKSTP, AKVf AKVIAV, AKVW, AKfW,

COMMON~ t~4!)r, A'4PP, AMPP, PO4RP, AMOQA, A'W!, AmVQ, AMV0,

I At4Q, VAAQD)ý, APAAWO, AmSTR, AMW, A*4WAW. AM'W, AMWW9
7 mVV, amn!)', Amflf, PA'iQF. AMWF, AMWAWP, V4C)SF

COMMON Aklpn, ANpn, ANPQ, ANQR, A'4PAQ, AA'VI, ANWO', ANW'I,
I 4NVI, ANO, ANJQ, ANARnR, ANAV-1 ANcTQ, ANy, ANVAV,

7 ANVW, APM1!), ANDF, ANVF, ANVAVC, ANT)QF

COMMON CW, rn, or, xB, YR, IU'
r

CrnMMON flPYIAX, CTAWT, r-TAIn, All, A]?. 41-

COMMON A71, A72, A71k, All, W3, A-4
r

tflmmpn xrC, Y-.. 7(

COM4MON ILrnr, IOLnT, lQtiN. InpFN, NPIV,TOPT

1 TNTrW

IN

IFf1011Di417191A, 7 V 321
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61 CALL FXTT
70 CONT!NIJF

PC Ant iN, r()) (II Pf) rr ( T, I

REAM( TN, I nITO,Hfl,flLI HMA X.HMT Yr- , TL. Tk
H = tiO

lo,, FrRmA T tQ;:1 11. A

P EAF) ( T N1, 1 )(,l) (VTiif, I = 1 , 2

Y(1) TI'

P F An(ITN, 100 ) X00, x 0 Q, Xe" 0, Ylirn, ~VP ,xw, x!i ij, (VV,

I XWW , 00nl, X'f) S"S, Xl 'mVVF, x wwF x norv P, x(r)sn C:
r

PEAM(N,lS)) YPI', YPn, VDPAP, YPr), VOR, YVF), YVv, V~nf,
1 YWo , yv , 'n, Y prp , YVvP, YS T0q, YI, YvAVv,

YVW, YvQ, vrýp, VVr, VVAVF, YflRr
r

QFAn(T'j,lTfl) 70rn, IPP, -?P0, 7PP, 7WO, 7?VR, 7VP, 70,
1 ?lAnI'O, 7TWU', 7rTP, 7W, 7WAW, 7814, ZWW, 7V'!,

r

P E Anlt 1,, 1V in) moO, eAmonP, Ampo, VAQP, AM QAn, AvWr), AMIVD, AMvrn,
I AMO.. Am&VQrV, AvAW0, AMSTO, Am.4, Am'WAW, A-ýW, A\mWW,

7A"VV, A~4fl, lmnP, AMOF, AMUF, AMW4AWF, AMF)Sr
r

OFAfl(TNi,1')n) AKIL"), APKInnI, APNitQ, 'ýNJOP, ANPAQ, APK!Vr), PANWO, ANA- 0 ,

I A!N'VQ, fANP, ýNP , AK-ý' )R, ý-JV , AMSTR, 8NV, At'\.'Vv,
VAJ, fPJ9P, AW'PF, ANVF, %mIVAVr, i",jqor

r
QFAD(F;, 11'1) IX, TV, T17, IVY, fXii, !Y7

r

PF An( I T!, 11, 1O rW", r - 4 , PTr ,, )ln, YR 1 .j

QrAnfYN,jPY)) no , vS1ý, 7fl 1,P rAL9A
r

q FT IIFN ),ino~,Fý4 FT ,AI

r*



NAVTRADEVCEN 68-0-0o50--2
O1l?4169IUTOPLOW CHANT If? - fCTQC NAVTIinFVCFP4 46--ofl'-'q

.4ART TITLE - PR(XCIUR9

03,23--- .............--- - -------------------. --- -------

NOTv t I I I o% I
I ' ---------- ---------------- -------------------'

* CnflTtN S A22 * nHfl2AfeT ARP . 1 4e4inP0T I vn .
O • •• • •• • O•• WLI-OANVIOT

API O infL?£?3OT V *I I
I II in 4OAR vftOT I AP * iHMOI 4$ fPOT

02 A3I N nt2ZAlI*t I I I I I
------------------- I I I ARV . owLtL4TV'O4T I 4OL*404NOT

I I I IA 32 PnOL?OAI?OT I I I
19 1 INPUT H .......... .------------------- * I I KV .V IRV

. 1 I I PH O Il Vi V*T . . ..I I.-------------------

101 I . . ..------------------- I
II I N I 0'4 I I

*-------------------* -----------
A I P113 * HOL?@11ST ----I -I--.---------

I -----------------. AN~lV i

SI '44'x" i$ I I I £50I *•N I I WN IIL4NVAVOT

C0WPUTF RHO t1 I
CrMNSTAMTI Vt * in4L"I T * I? - It '0 Y1 IV O

I RI 10LA10-A n I N'1I.- wnwIt

0 -O. . . . . . ..-- - - - - - - - - - - -- - - - -- T . T I .

I-------------------. I I I I

44*01.? 1 1-------------------------- I------------------ -------- I
am•in4A1ALOAL Ypo * SHnlaYPIT I I |

RiHOI.3 - 04O0A25L Io amP~nflevoov* 0 ---------'------ --
I... ... ... ... ... Ii

IinHOL4, * inH•L3SL I V * •inL.'?@VVIT I I LII * I I I ~ '4*ft
*-------------------- I I L$l teI 1 •

09 1I -3 A I Iotvv I I I. 4

I I*•.. . . ..YVAV *k I I £ 41 * .I Iir 1.
.44 -------- I I I SN@M'4 II----------- n,6a ol-------------- -----'

.---------------------. I I
I 0• - MIL in OL4*AL I I I aq ol. I I
------------- II I I1 RnLA4IIVI*? III

Ig i-------------- -----------------................... I4 IQ * 44 'L 1£ 21 I * IP 4

|~~~ Yoe a4tm1LevnwtT ll 4ttnL4~lU*A) jpr'4 . I

I II ----------------------------- --------------
OCITE (OUT I I Vn n InLAOYVVI I I

4vnmOflYqtalC I I

I ------------------ ----------------

I' t I I Ilv HITF4'I* I |I l41*43 * I ITQ I Ti 'll TI ". V I
I I I . I I I w In?

ii I - - -- 4 . I I form

~ 4 ~ 7 ................... ... .. . . I.. .. . 75.W I l

I----- ------ 0 1 ----------------I I I .

I I l@i ? ••,t4~* i 4*f I Y 1 **t4*'w I I | lkIqI '

II I i '%1 I I I I I ri? •~ Yi4l ll~ lV I I • -I ye ~

S.-------------------- - I ?V'4 * SIV40T I II

I I I I I *Wft'4AU.AWSI I" in '4 ' 4f * '4i• %'4'4

I Ir I -------------------------- I 0 ill t

I ''7 'l' T I III S 31 . fIn4.
i 5 "l li~~ I I *III - '4 L I.%""4'

...... ...... .... * S,Ir '4l WITe- I I• Il " ' I ................ 5

--------------- 1 --------------------

I It•f . I II I 54V*. IM

MnI ora@4IIS I I I I ~ 4fI1,A4VV l? I I

S. . . . . . . I I. I I . " J I I

I *~t'4~l1'T I I 5£ I I *EI'4*".iY I v1 9.1-41

4114M.... . . . . 4 p . I I.... .. ... ..I n '*in0. I I I tv n p p v l I I I mn I. AIkj1 dl -Illy'4 I

*----- ---------------4 I I I -------

* 'I I
*----- ----------------- I-------------------------'

I .............. A"

........ ............ . I . I -

A] i IWO -------3 it ""9*'44* I
--- --------------------------- 4 4'9

IA~l101"AI'4nII I E.4'~1tSIV'I IVol
I I I I tof m

I~~~~~~~t *11O4 * t0*2' I *I

I ~ ~ ~ ~ ~ ~ ~ FO v 0.£AP t IW 'I ft 1

..I.. ...... ..... ...II 41.. ... . .. . .. .

I I I Y.I II...............'
............... 4I4A

5*, I I '-V4I3234 I



NAVTPADEVCEN 68-C-oo5O-2

01.E2AIIN AUTOPLOW CHART SIT - ECN0 TAVTNS 0vTN 4q-r-onn-I-

CHANT TITLE - PROCEDURES

02.? ---- .................. 10

I Pltt 0t I N0OTE It

* ,IS, * EU, VS0 * I0 LIST * £.;o S
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I I
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N 0 0 & Rai S S S N I N ANOB, Ao. AiPQ, s
I S ONiPO. ANVO Se

I 0n I

I 5RITE Tnl 0EV .I I I'.
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It NRI I I IPCI4 I
FRON TIF tIT 9 I Via PINOOT A

I I ESaiN THE LIST'
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AVTOPLOW C14AANT 69 IC790 oiNyAVEFlVCAC fiRC-ooso-,t

C0IAN? TITLE 111IWAGUTIILI WRITE

. ---------- e~e~e

I IOU? - I L IST - now. Two. 0
------------. Ilos L ~OAivs. AV, *

I I SAllwo, sONOR, vat,
I I S 2VA4I, 5511,

I 02 I * AMAAOI.N, We A

- 1 4 10101, VPAN, AMR, If
I WolTf Ti DEV t 16 S 0600, TANO4, 

41
9, 0

lOUT / I * ARSle, ANITA, *
f VIA FORATS AMARSA, xVVIo It

I4 1 0YAR. MM, RAVE CVI 0
------ * ANN*, zMAw. EWEv.

0 ANNtW, ARISTA It

03 I tI 0
/WAITE TO DV
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I VIA POAMAT I -------- -
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IFvn% THE IhST/ I I [out I

------ ---- I VIA FORMAT /
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I ~I WRITE Tn DIV I
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I 0S 1 / VIA FORMNAT I
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CnlIA? lul~ - USUAoUTINi INPUT
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CALL fill I -
I|I P XFS'l lan ap " lv
I I 1 I lit
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/ ITO THE LIST I I
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I IN I
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i INTO TY" LIST' I I
-

I q1f

1 I I OTP 12

1 WT0I! 06 1 LIST * OSUAXl. 0
* S 5 * S * • S * * • I * FTAHI. TALO,
* LIST * 411.O * I S Al.Lt I? '.1 4

SANPO ANPQ, ANQ, •

SA NRAM, ANVD.* I

"• ANN*, A..P, ANVO. * I
"* ANP. APIM, ANAet. S I0
"• ANAVA. ASTA'. ---------------

* Ali#, ANVAV, AMVL, I RIP A"l FouNl EV I

* AlNIS• ANI AiNV•P. S IN I

* ANVAVI. AO- * I I VIA folAil I
*ASSSSSi II I P 100 t
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/1 nri Fr780
/1 EX~rFC rInPTPANI

QFA[ ICYC

CimmnNJ xrOrflP, xPnrn, xnk~l All, A12, All, A-71, A7?, All, All,
I A1?, All, X-'-

rommrN VR, VPfl, Yn YO, YV, VVAVq YrnR, yvf
rommnN 7o, 7Qn, ZPO, 7VP, Icv 7W, 7WAW, 7VV, 7D0S, 7111,

COmmON 4KQn), AKP , AK<Vf, ý(V, AKVAV, AKPr'
cOmmoN AMRP, AMPP, ýMWfl, Am'vp, Amo, AmAWO, AMAcTY, AMW, AVWýW,

I A'MVV, A4fiS, AMCOS, AMQD

cOMMON ANPOv ANPI', ANvfl, 4Nt', AN9, ANV, ANVAV, ANflP, AN~fl

L-OMMON OR%'AY, FrAHT, FTALO, CW, CR, XG, M~, Al , AIm, np r),, flR,

1 74 11r, TTMF, Q1 , PFLTMA, SWAAX, R-), r)!L.TmT, flSF, ')OF

COmmoN Y, F, 171, ICYr-, NS, H, H'4, TSW'
I:QLJ!VALEFNCF X (I) I ) l
TN = 1

TOUT=
ICYC =

'0 P E Afnl( 4, I Tt IN , N PNT q N
91 FOPmATrl6!q)

IF( IRIIN)40,10,4fl
19 CALl. rXrr
40 cnNITINJ~r

REAO(lN,AO)) TO, 14, TL ; V

61 FflRNATrq'1).'9)

7,) FORYATtfI3.61
TCNT=I

YO Ih A) = , 1

nnf 79 1.

WP ITF( nI Tr;, 77)
WRI TF ( TjuT , )T7IN N

7 1r0RN4 A'( T f 1 X ; NN1 T 0,, 'NPS ,l , ~ NH4 ,ý 14

1W ' T"tI I

(*~ ALL !Jn'"ATf

Trw? -1
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110 T(NT 7 TNr + 1
IF(TI IHM-Y(1?0,2!,9A
FNn
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S(URPfltJT INF IjPflATF
PFAL tCYr

rommoN xflpnp, yn~srý, xn~nlq, All, 41?, All, A71, i'?, ý71, '31,
1 ~3', Al ,X, Irl

tflmmrN YR, Vpi, ypn', VP, Yv, YvAv, yflR, yVV
CMMON. 709 7Qrn, 7RR, 7VPt 7cTP, 7W9 ?WW 7VV, 7rlc,, 7nrlr

COMMnN AwQf), IKP , AKVn, A'KV, AI(VAV, AKPfl
COMMON AMRD, AMP0, P04W(, iMVP, A'4O, AMAWO, A%4STQ, AMW, AMWA1W,

A'MVV, imnc,, AMDR, im,'jnf
COMMO1N jNJPQ, AND", ANVt), AfN'P, ANQ ANy, ANVAV, ANIR, ýNjRn
COMMON flPM4'Y, FTAHT, FTA1n, CU, ýRq XG, 7r, AL, AM, no ns, np,
1 Vt, Ur,' TTMF, P1, nF(_TmA, SWAAY, P%) r)FLTmT, n-,I, ')Pr
COmmVN y, F, rl, lr%'C, p',f, wH'-, lSw7

I (Y(7),T'~J-TA ),(Y(I ,PS ) , (Y(Cj,P'41 )

C CqLI Tp ~rrNT~nL
r

CALL CnkITRITHtrTA)

r CIMPIJTF )IIANTIT!FS, Tr-I rF Iff MrP~r THIýN flNCF
r

ii7 = V3 * Vj
Vq= * V

PnOTVW 5')PTfy7 + W*Wj

VQTVW V * PrlpryVj
WRTVi'u W * PIOTVW
Vp = V 0

WD= W D

P R,ý-P

r Sr.T rpnprl(_FP T~fDijSV r-NSTA-ITC

I) F TA = Ir/11

AF I %I A-!i-1I V~ ','

2) AlFý-lý ri'

Ai I
r.i r Tr 4

A?

r T (~ T 1 f'
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r, 0MPlJTF TQTG, FUJNCTION~hS
r

SPHI = IN( PHJ)
CPHI = rrs(PHIl
STTA = cSTN(THFTA)
CTTA =Cfls(THCTA)
SPSI - 1N(PST)

TRIG] CrTA*SPHT
TRIG? CTTA*CPHI
TP 1Gl=SI'HI*STTA
TPTG,4 CPHJ * ST'A
TRIG5 = I*CTTý

C rOmPUTJF IJ FROM AXITAl- FO~rCF FON
r

F( 1) -7 (A*(l-*+G(*+R-G(PFý + ?(X~RrRn

1 *xosflS*os*flS+xnfl*n*')R+th1)+UC*(A?*ti4A3*IiC)-WM4R*STTA)/(AM-XUf))
r

C C9MPljTF 'JO FROm LATFPAI FnoCF FON
r

I1 *Y Rn*F(A ) +VYP F (4 )+YV AV*VP TVW+YflR* if?*)P +Wm9 *TR I r1 + AM*WP)

r
C COMPUTE WO) FROlm NOPMAL Fn1Rrp FON
r

I Zofl*Ff'l )+7PR*Pp+?Vp*VR4?STR*LP"+7WAW*WRTVWZVV*V?4i'1*(7?O',*nS+
7n8*nRJ+WMR*TPIrCO) /(Am-?WflI

r

r rrJMP1JTý FROM YAW[LT'.J MnMFNT FQ1,1
C

I 4*fAp(V*'!+AD) +I(ANVV ýNV*VR TVW41y~~n~fKVO*Fn*rr *T Ir
r

r r)N4PUTF O*) F~fMAIC - THFT Mrh4n~T ,FOtnnP1 -

r l~ 'w*PA~*u(f(( -~+*)X*r1-tOVt))MpIt
1 FM *~3,4~V+I*AQOA~W+J* A~QA)sRAn~s

' 44AQ**RPTW*UWW.RTW4MV*V~A~n( ~*4~Q ;'331ST~
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r CflmPUTF X( nofT 9y r)fl1 , 7 r')'T

I W*(TWlr,4*rpSi + PHI*SnST)
F( I =~ rS S ',+* T l,*~,+D TC S I +

I W*ITUlr4*SPSI-cPHT*rP-,T)
F-(12)=-IJ*STTAV*TPiG1,IW*TRI(.2

r INTFGRATr i~r pPFPLA r' rr) Onrq'IVATIVFS WITH- ýIW
r

n~n Ro I = II?

Yill) = Y!)+

RO CONTINI~r
r, tJPnATF TtmrF

Y(13) t (A+
OFTURN
F Nf
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t I I I *,!F ( IINl P TH T A)
P F AL ,CYC

c r, mmn'4 xnpl~nP, xF'SflS, XrlRnr'l,, All ,A7 ,l? AlA A7 , A7, VI A~ll
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/1JOB~ FC572
If EXEC FFflPTRAN

DIMENSiflN VIM~
DIMENSION C8(5) ,At(5hb#J~flO)9UJ(1O)
DIM4ENSION XP(512),YPI512)
DIMENSiflN DATA(20001
DIMENSiflN FPR15O))

1 FORMATf8F1O.5)
2 FORMATt1X98F15.';)
3 FORMAT( IX,6E?0.7)
4 FORMAT(415,4F10.5)
5 FORMAT(70A4)
8 FORMAT(/5X,?qHTofl MANY pnINTS FOR fliMFNSinmt)

11 FORMATILHI)
12 FCP'4AT(!5,5XFlO.41
13 FORt4ATtIX,'71-PLflT THE TAPE flN UNIT 11811)

14 FORMAT(X1XVHNO PLOT CrPATFD9 SORRY 'ArJUT THAT)
15 FflRMATt/4X,IHNIAX,AHCO.NTROILS/)
16 FOlRMAT f 1615)
IS FORFPATf/)
25 FORMAT(17HPsn' flF FC572 flATA,IOX,IHV ,qF1O.l,lX,AHI(TS

I /SFlO.4/qX,IHI/qX,IHl/)
?6 FORMAT(lHENn,7X,9H1O)4.)

CALL PLflTS (DATARO800095)
IIN = 1
IOUT='
IP0H =
ICNSL =15

NOP = 512
IUSEn = 0
ZFPC = 0.
xPs0 = R
Ypsn = R

IHX = !HEXII4,394,0,4,0,490)
IHY =THFX(14*Rq4q0,4,0*4,0)

r
PI = 3.141SQ?61;4
CALL INITTI-1)
TWOPT v 6.7310SIA0

SQRT3fl *660?r,4
Ltd a 5
Cpul)=
C812) v SQRTin
Cpfll 1.
CRi(4) - SQRTl1)

.Altl 1) OQ0I;
AIM .410
Altl u3) 52r4
A1(4)v 41t

Ca 3?2.?
CONG - qtlor-l onr..r

353
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Bcz icnNG'CONGI /OI
READIIIN,4) NOANfl,NT,NPt.T,NPCM,A,IB,DT
WR ITE (I fUT ,15)
NBAND 10
IFINPLT )11 5,115, 112

112 IFI NT - NPLT*NDP 1115,!15,111
113 CONTINJLF

NPLT z (NT-101/NflP + 1
115 CONTINIJF

WRITE(IOUT,4) NqANnNT,INPLTtNPCH,A,B,DT
NPLTS NPLT
R~AND NAANfl

100 CONTIN~UE
REAnIIIN,1) VI

C TEST POR EflF

105 CONTINUE
no 600 IV=1,R
V - VI(IV)
IF(V)605,605,205

205 CONTINUE
WRITE(IOUT,11 1
U a V*1*688944
GOU = G/U
WRITF(inUT,?) Vu,(rrti
FACT1= (A.1F-l*U*U)/f?.qs*rnfl1*GfJ)
FACT2w -.74*GflU*GOOh*Gf)U*G0IJ
YO -EXPtFACT2/(A*A*A*Al)
AY = FXP(FArT?/fR9*I*R*vi)) - yf
ARFA = FACTI*AY
AR a ARFA/RANfl
WRIT~F(TOUT911 FACTl,FACT7ýYn,AY,APFA,AR
AY z AY/8ANr
WJ x A
IJ - 0
PO ZOO Jul,NBANfl
YO a Yfl + Ay
AT * -.?4/&Lf'G(yfl)
XI GVIu*soRt(lCRT(ATj)
VIa Yr*FACTI
WPITE(flUT.1) x1.Y1,Yfl
WJM1 u W
WJ a X

WJI(J) a .5*IWJ*wJufl
flwjtji wJw - wJ41
no 200 LwI*L4

CALL RANflmtpNl
FPPR(IJ) x QN*TWr'Pt

'00 CONYVI'BF

00 50n lTz1,NT
TSUP 0. 35i4
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T1= FLOAT(IT-1)*nT
IJ = 0
00 400 J=lNRANfl
WJ = WJI(J)
OW = WJIJ)
WrJ2 = WJ*WJ
WJ4 = WJ?*WJ?
WJ5 = WJ4*Wj
AR = BC*FXP(FArT7/WJ4)/WJ5
AT =WJ2/GOU
Stim = n.
n0 Iq0 L=1,LM

=J IJ + I
EIJ =FPR(IJ)

GIJ.1 (AT*CF(L) - WJ)*TT + FIJ
SUM = UM + CflS(GJJ)*SQRTiAIli )*DW)

390 CCNTINlIF
TSUM =TSUM9 + LP*SIJM

400 CONTIN11F
C WR ITE (IOUT,73)TT.TS.Um
C

IFt NPLT )425,4?r,,405
405 !F(I (T/NPLTI*NPLT-TT)4?r,,410,4?5
410 JJ =JJ+l

IF IJJ-NnP)420,420, 415
415 WPJT~F(flUTtA)

IF (NPCH I r?5, 575,41 8
419 NPLT= '1

GO Tn 4'5
4'0 CONTINIIF

XP( JJ)=TT
YPI JJ1=TSUt4

475 CONTIt N4IF

IF (NPfA) 465 461, 450
450 CONTIN11F

1Ff T-I 1452 .45? 451
4,57 Wm1TEII'OC49,? Vcnn,0DY~,F0lo
451 CONT1Ntir

WdRtTF(1UCH*121 IT*TSU'4
IFt IT-NY l6K,4,SC.46C'

440 WRITH(JP04,76)
465 CONTINIIF

SOO CCNTINIIF
C PLOT

915 CflNT ~I Nli
NPLT NPLY1

I F INPI T) S7S S575.SAO
S~o CnNTINtit

YL In[.
PNV 11'.
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HT .125
CALL SCALEfXPXLvJ, 1,flTV91)
CALL SCALE(YPYLJ,1,fl!V,?)
CALL AXIS(7ERr),ZFpf,THX,-4,XLO.oflvti,)
CALL f4XISfZFRO, 7ERO, IHY, 4, YLq'o.,f!V,-)
CALL LJNF(XPYPJg,1,0,0)
IUSED = JusEn + 1
CALL PLCT(XL.4.,O.,-Il

575S CON1'INUF

600 rONT I NIJ
605 COlNTINUJE

GO Ta 100
999 CONTINUF

IF ( USFD)Q98,9Q7,Q9P
qq8~ CONTINUF

CALL PLOT(8.90.,999)
WRITE( ICISL,13)
GO Tfl 996

9Q7 CONTINIuE
WRITE( tCNSL,14l

996 CONTINUE
CALL EXIT
E ND
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APPENDIX B

INTEGRATION TECHNIQUES

The subroutine INTEG used with program ED920 Submarine Simulation

is programed to use three different interration techniques; Euler, 2nd

Order Adams, and a 2nd non-classical method (012 ). Table 24 contains
the coefficients for these and 19 other methods that can be programed
into this subroutine by means of the equation

3=
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TABLE 2SPOPULAIR NUMERICAL INTEGRATION TECHNIQUES

3 3
-ii 1 "I Yn-i 10 b, b -I

Method Type a1 12 13 b0  b, b2 b3

Euler Oil 1 1

Backward Rectangular CI 1 1

2nd Order Adams 012 1 3/2 -1/2

Trapezoidal C12  1 1/2 1/2

033 Mod Gurk 033 1.1462 -0.2011 0.0549 1.6416 .1.0080 0.2751

Classic 033 033 -18 9 10 9 18 3

Simpson C13  1 1/3 4/3 1/3

030 C31 Mod GOurk 030 1.807 -1.109 0.303
C31 1.146 -0.201 0.055 0.909

Classic 030 030 3 -3 1

Classic C31  C31  18/11 -9/11 2/11 6/11

3/8 Rule C14  1 3/8 9/8 9/8 3/8

Adams - Bashforth C14  1 9/24 19/24 -5/24 1/24

Best 012 Method Based 012 1 3/4 1/4
on Stability Alone

1/2 Rule C24  1/2 1/2 17/46 51/48 3/48 1/48

Parabolic 013 1 23/12 -4/3 5/12

Classic Oil 1 2

Classic 022 -4 5 4 2

Classic C22 8/10 2/10 4/10 8/10

Classic C13  1 5/12 2/3 -1/12

Classic C32  9/17 9/17 -1/17 6/17 18/17

1/3 Rule C34  1/3 1/3 1/3 13/36 39/36 15/36 5/36

2/3 Rule C24  2/3 1/3 25/72 91/72 43/72 9/72

I Denotes a Mac-classic method
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GLOSSARY

Symbol Dimensionless Form Definition

B B B

BB, B• Buoyancy force, positive upward

CB Center of buoyancy of submarine

Co Center of mass of submarine

Ix
II ' = Moment of inertia of submarine about x axisx x ipts

I -y Moment of inertia of submarine about y axisy y :PPO

Iz
I I W2T- Moment of inertia of submarine about z axis

Ixy Ix ' Product of inertia about xy axisxy xy ~~~

lyz yz :Product of inertia about yz axes
Izx

Izx IProduct of inertia about zx axes

ax ax

K K K Hydrodynamic moment component about x
axis (rolling moment)K. *

K UZ Rolling moment when body angle (ry, 8) and
control surface angles are ?ero

KK1. Kt K*: Coefficient used in representing K* as a"7? 3 U function of (?7- 1)

K K K P . First order coefficient used in representing
P p JpL'U K as a function of p

K K.' • Coefficient used in representing K as a functionpp I - of~

K K p Second order coefficient used in representing
PIP', PIPI V0? K as a function GU p

K K Coefficient used in representing K as a function
pq pq • of the product pq

3 64
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K K ' - Coefficient used in representing K as a
qr qr *94s function of the product qr

Kr
Kr Kr Kr First order coefficient used in representing

Pr r pU K as a funct',on of r

K K.' = Kr Coefficient ..sed in representing K as a
r r 11-1 function of i

KK-'I= First order coefficient used in representingv j u K as a function of v

K. K.' = -K Coefficient used in representing K as a
v v 4 function of ,

K K Kvlvi Second order coefficient used in representing
vII vIVI ; K as a function of v

K K ' Kvq Coefficient used in representing K as a function
vq vq ipL4 of the product vq

K K ±M Coefficient used in representing K as a functionvw V% i PO of the product vw

K K 'Kw Coefficient used in representing K as a function
wp wp *0•4 of the product wp

KKwr Coefficient used in representing K as a function
wr wr p of the product wr

K K, K6r First order coefficient used in representing

6r 6r W- 5 7 K as a function of 6r

C' = I Overall length of submarine

m m'= m Mass of submarine, including water in free-
40•3 flooding spaces

M M', -. ._ Hydrodynamic moment component about y axis
*04 UL (pitching moment)

Me
=* M Pitching moment when body angles (f,. 8) and

M. MU * control surface angles are zero

M
M M ' z Second order coefficient used in representing

pp pp *P45 M as a function of p. First order coefficient is
zero.

M M ' M -i_ First order coefficient used in representing
q q 4L•.4 U M as a function of q

:M ' " a First order coefficient used in represetiting
q1 4 UM as a function of 01-1)qM.

M. M.' - Coefficiont used in tepresenting M as a
q q , function of -
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Mq ~q, MqIqI' Second order coefficient used in representing
M as a function of q

M M q. s Coefficient used in representing M 6 s as aIqI6s Mjq 6s'•4pCU function q

M
M M ' Coefficient used in representing M as a

rp rp tps function of the product rp

Mr
rrM ' Second order coefficient uned in representingrr rr -M as a function of r. First order coefficient

is zero

M M VP Coefficient used in representing M as a
vp Vp 4 function of the product vp

Mr
M N ' M Coefficient used in representing M as a

vr vr' pt4 function of the product vr

M M s nt Seco.id order coefficient used in representing
VvvVF17 M as a function of v

Mw w .n- First order coefficiert used in representing
w~v wu ~CM as a function of w

M My.,I First order coefficient used in representing
WTI WTI t U Mw as a function of (-1- 1)

M. M oCoefficient used in representing M as a function
W j 7ZT-of

M M Miw, First order coefficient used in representing MMI,,I IWI j,'1 U
as a function of w; equal to zero for symmetrical

function

MNw q Mlwlq' M= --q Coctficient used ir representing Mq as a fmnction
T ~of U.

MW M L Second order co,-fficieikt used in represt nting,ii' U -•'- M as i, function of '

m M M %, I ?I Firwt order coeffc ,cnt used in representing

M M `M%%% Secordi orA'r r',fiiernt usted in reiresiting
Mwý 'A W I-OP M aq n ;unction of %k: eyita to .tero o.y.

PtC!. ic~l functirin.

M ~b M 6 b' b M [ Firiit order cocfkictit .tsd ir repreCtnting
6b I I a function of 6b

M Im irtt order Iucd 6epresirnting
ii k:i as funlctit.e of 53

MsI ' % tr. order ccffcwnt uset: ýn
Me ai a funt7o.ti (r)- I)
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N N' N Hydrodynamic moment component about z
axis (yawing moment)

=N* N* Yawing moment when body angles ((Y, 0) and
kpC NU' control surface angles are zero

N N I Np" First order coefficient used in representing N
P p +pt,6 U as a finction of p

N. N.' = Z 1. Coefficient used in representing N as a function
P p *Pls of

N
N N I Z Coefficient used in representing N as a function

pq pq jP4.' of the product pq

N N = Nqr Coefficient used in r',presenting N as a function
qr qr v of the pyoduct qr

N
N N '= r First order coefficient used in representing N

r r IptAU as a function of r

N r First order coefficient used in representingNr NrI p.U Nr as i function of (i1-1)

N. N.' = Coefficient used in representing N as a function
r r 0j•f

NrlrI

Nrjr Nr rI' = N Second order coefficient used in representing
N as a function of r

N NgrtNr' I a rItr Coefficient used in representing N6r as a
Nrlr rfunction of r

N N Nv First order coefficient used in representing N
Nv U as a function of v

N N . First order coefficient used in representing Nv
v v VII U as a function of (17- 1)

N. Nzi Coefficient used in representing N ac a
V i- function of

N N ' M Coefficient used in representing N as a function
q v �of the product vq

tI N aT Czfjicient used in representing Nr as a
vtr" lvlr •' function of v

NVIVI NVIvl £.• Second order coefficient used in representing
-OI & N asa function of v

N N U NLv First order coefficient used in representing
V V ,I Nvlv, an a function of (in- 1)
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N N ' Coefficient used in representing N as a function
Vw vw IPt of the product vw

NN Coefficient used in representing N as a function

wr w t •of the product wp

Nw r

Nr Nr = b First order coefficient used in representing N
N6 rN 6r - t UZ as a function of 6 r

SN N6= - First order coefficient used in representing

N6ri7 N6rtj JPL,3UZ N6r-as a functiorn of (r7-l)

p p'- Angular velocity component about y axis
U relative to fluid (roll)

S p u- Angular acceleration component about x axis
relative to fluid

qq , _q
U Angular velocity component about y axis relative

to fluid (pitch)

S'Angular acceleration component about y axisU.. rlative to fluid

r', Angalar velocity ,omponent about z axis

relative to fluid (yaw)

Angular acceleration component about z axis
relative to iluid

U

U Z - Linear velocity of origin of body axes relative
U to fluid

U u' l-- Component of U in directiun of the x axisU

- Time rate of change of u in direction of the
UI x axis

u¢I.k¢ C u CSm:!,d speed: steaAy value of ahead speed
U component u for a given propeller rpm %hen

body angles (a, 8) and control surface angles
are iero. Sign changes %ith propeller reversal

Vv Component of U in direction of the y axis
U

' '.-L'i•=. e of change of v in direction of the

U• ' axis
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w Component of U in direction of the v. axisU

-= - Time rate of change of w in direction of theUZz axis

WWV= - Weight, including water in free flooding spaces

x x' X Longitudinal body axis; also the coordinate of a
point relative to the origin of body axes

x = a The. x coordinate of CBxB xB It

xG
Xx 0 c - The x coordinate of CG

X0  A coordinate of the displacement of CG relativexx to the origin of a set of fixed axes

X X1 X Hydrodynamic force component along x axis
i•oZUz (longitudinal, or axial, force)

X X ' q Second order coefficient used in representing
qq qq 4 X as a function of q. First order coefficient

is zero

X X ' -u- Coefficient used in representing X as a function
rp rp ip'v of the product rp

X X Xrr Second order coefficient used in representing
Xrr Xrr'=,"'F X as a function of r. First order coefficient is

zero

X.' - Coefficient used in representing X as a function
x u P7 •of A

X = Xuu Second order coefficient used in representing
uu uu •X as a function of u in the non-propelled case.

First order coefficient is zero

X Xv' = - Coefficient used in representing X as a fun~ctiun
vr iof the product vr

X v. Xv' = XSecond order coeffient used in representing X
v Xvv' as a function of v. First order coefficient is zero

Xv XV'I Z fFirst order coefficient used in representing XvvXv jot as a function of (O- 1)

X X Coefficient used in representing X as a function
Wwqof the product wq
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XX ' -WW Second order coefficient used in representing
ww X as a function of w. First order coefficient is

zero

X X X First order coefficient used in representing Xww
%%wfl Ww17 "P7 as a function of (71-1)

X6b6b Second order coefficient used in representing X
X 6 b 6 b X6 b 6 b' =p/. 2 U2  as a function of 6 b. Fir9t order coefficient

is zero

X= X6r6r Second order coefficient used in representing
r rr X as a function of 6 r. First order coeffici'ent is

zero

X X 'X rr First order coefficient used in representing
Xr6ri7 6r6r;=,7 X 6rbr a," a function of (17- 1)

X8 6 ss

' = Second order coefficient used in representing X
X6s6s X6s6s Pt'Z as a function of 6s. First order coefficient is

X X X6sbsn First order coefficient used ii, ,epreser.,ing
X6S7 X6s~s•7 jpPZUZ X6s6E as a function of (7-I)

y y - Lateral body axis; also the coordinate of a
point relative to the origin of body axes

The y coordinate of CBYB YB' 3-

YG YG =7 The y coordinate of CG

yY A coordinate of the displacement of CG relative
to the origin of a set of fixed axes

Y = Hydrodynamic force component along y axis
F (lateral force)

______Y Lateral force when body angles (a, 0) and control

Yi Y*' •Z~z surface angles are zero

Y Y I First order coefficient used in rcpresenting

P p iW U Y as afunction of p

YO
Y. Y. Coefficient used in representing Y as a function
P P t~ 4  of

, Y !F 1.1 Second order coefficient used in representing
Ypip, YPIP, = p-Y as a function of p

)7'



NAVTRADEVOEN 68-C-O050-2

y
Y Y ' = Coefficient used in representing Y as a function

Ypq pq of the product pq

y y yCoefficient used in representing Y as a function
qr qr = of the product qr

y Yrl - r First order coefficient used in representing Y
YPIL as a function of r

y y YU First order coefficient used in representing
Yr•/ Yr ' U Yr as a function of (1-1)

y Coefficient used in representing Y as a function
r r of i

Yl _r-
y Y = YLl1Z!. Coefficient used in representing Y6r as a

YI r6r I r6r !P function of r

yYv Yv I = First order coefficient used in representing
V V pt.AU Y as a function of v

y y = Yv. First order coefficient used in representing
v77v• I pCZU Yv as a function of (?-1)

Y4
Y. y I - Coefficient used in representing Y as av ' 1 W function of '"

y y ICoefficient used in representing Y as a function
vq vq tP4 of the product vq

Yvrl = •pof Coefficient used in representing Yv as a functicnvlrl lrl TZY-of r

YVI, = YV2IJ Second order coefficient used in representing

vv Y as a function of v

_ _ ____ First order -oefficient used in representing
YVIVI V!v7 Y" as a futiction of (7-1)

Y Y -- -- Coefficient used in repre- enting Y as avw vw i P2 function of the product vy

y y Ywp Coefficient used in representing Y as a

"wp wp *00 function of the product wp

y Y Ywr Coefficient used in representing Y as awr %%r j t3 function of the product wr

YY First order coefficient used in representing6Yr 6rV un Y as a function of t r

Y_ Y6r_ First order coefficient used in representing

6r7 Y6 ri' iPVUI Y6r as a function of (?-1 )
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Zz Zz Normal body axis; also the coordinate of a
point relative to the origin of body axes

Z B The z coordinate of CB
B B -

ZG
ZG ZG The z coordinate of CG

0  Zo A coordinate of the displacement of CG

relative to the origin of a set of fixed axes

Z = Z Hydrodynamic force component along z
U 2  -axis (normal fortc)

Z* Normal force when body angles (a, $) and
Z, ,'t •CU2  control surface angles are zero

Z
Z Z pp Second order coefficient used in reprusenting

pp pp , Z as a function of p. First order coefficient
is zero

Z Z = Zq First order coefficient used in representing
q q •PC3 U Z as a function of q

Z Z , = 7 First order coefficient used in representing
q7? qTj ip OU Zq as a function of (77-1)

z.
Z. Z = LS Coefficient used in representing Z as a

q q •0 function of

7 - -equ Coefficient used in representing Zss -s a
ilqI~s Zqlb s " 3 U function of q

Z Z rp Coefficient used in representing Z as a
rp ry ip'V function of the product rp

Z ' Zrr Second order coefficient used in representing
r rr t Z as a function of r. First order coefficient

is zero

Zw Zw First order coefficient used in representing
Z as a function of w

L Z ' 7 U First order cnefficient used in representing
w1wr W " Zw as a function of (?-l)

Z'ýV
,' - Coefficient used in representing Z as a

Zw Zw function of 'k

ZI Zjwl -w- First order coefficient used in repreienting
•WI =WI i lU Z As a function of w; equal to zero for sym-

metrical function

ZwlqI Z ' -- 4. Coefficient used in representing Z. as awqlq function of q

J'A 7.'



NAVTRADEVCEN 68-C-' 05c-2

Z Z _WIWj Second order coefficient used in representingWIWI WW w w jP1. Z as afunction of w

Z 2III .,II1 :_ZwI First order coefficient used in representingZwtww WwI w a as afunction of ( )
wwZw

Zww 7, 7w Second order coefficient used in representing
Z as a function of w; equal to zero for sym-
metrical function

First order coefficient used in representing
6b 6b' -PUZ as a function of 6 b

z Z s First order coefficient used in representing
Z6s Zs •p4u 2  Z as a function of 6s

'6s 6s = 2 s First order coefficient used in representing
Z7s7 Z~sW •Z , as a function of (7-l)

cL Angle of attack

Angle of drift

6 b Deflection of bowplane or sailplane

6 Deflection of rudderr

6s Deflection of sternplane

17 The ratio Uc
U

6 Angle of pitch

0 Angle of yaw

0 Angle of roll

a,, b., ci Sets of constants used in the representation of
propeller thrust in the axial equation
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